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HILE it is generally agreed that the administration of digitalis in the 

normal dog results in decreased cardiac output,'® there is no agreement 
as to the underlying mechanism. Cohn and Stewart*: + 7! attribute the de- 
creased output to a diminution in the heart’s size, while Dock and Tainter* ® 
and Katz and others! believe that the predominating action of digitalis is on 
the peripheral vessels, producing a constriction of the hepatie veins, with re- 
sultant pooling of blood in the splanchnic area. The effect of the drug on 
the size of the heart has been recently discussed by Stewart!® and, on the 
other hand, the question of diminished venous return to the heart by Katz."* 
At present it is impossible to say definitely whether the primary cause of the 
decrease in cardiac output following digitalis is due to its action on the heart 
or on the peripheral structures. 

It has been shown in man?!*-! that digitalis decreases the circulating blood 
volume. Since such results seemed to suggest Dock and Tainter’s” ® idea that 
there is a pooling of blood in some of the viscera after digitalis administration, 
we undertook to ascertain the peripheral action of digitalis with special refer- 
ence to a possible pooling of blood in the splanchnie area. 

Although extensive work has been done on the action of digitalis gluco- 
sides on the isolated heart!® and the peripheral vessels separately, a correlation 
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of the actions of digitalis simultaneously on the heart and the peripheral 
vessels by visualization in the intact animal has not been made before. By 
such an experimental approach we hoped to clear up some of the present 
confusion in the previously reported results. Jt is worthy of emphasis that 
the action of a drug, such as digitalis, on the organism as a whole is de pendent 
not only on its action on individual organs or on some particular function but 
also on many interdependent readjustments which occur in the normal intact 
organism. 


METHODS 


The subjects of these experiments were 42 normal, intact dogs, usually 
between 6 and 12.5 ke. in weight. Light anesthesia was induced by inhalation 
of chloroform in order to keep the animal quiet while chloralosane (80 to 90 
mg. per kg.) was administered intravenously. The mean arterial blood pres 
sure was recorded with a mereury manometer joined to a cannula in the carotid 
artery. The respiration was recorded with a plethysmograph, and artificial 
respiration was used in some experiments, 

The average normal animal requires a fairly fixed quantity of ouabain 
per unit of body weight to cause death. Nevertheless, variations are always 
present and occasionally may be quite marked. Likewise, the amount of 
ouabain required to produce a digitalis-like action on the heart is variable, 
but imsofar as it was possible we adhered in principle to the idea of what 
constitutes a ‘‘therapeutie dose,’’ as laid down by Cohn* (0.029 to 0.039 me. 
per kg.). Therefore, the effect upon the heart, rather than the actual amount 
of the drug injected, was used as an index of whether or not a given dose 
could be considered comparable to a therapeutic or toxic dose. We shall in- 
tentionally refrain whenever possible from using the words ‘‘therapeutie dose’ 
in relation to dogs, since ouabain is not used therapeutically in dogs; we have 
adopted the nomenclature of a ‘‘small dose’’ to indicate that such dosage had 


a definite digitalis effect on the heart but exhibited no toxicity. For a ‘‘small 
dose,’’ 25 to 30 per cent of the caleulated lethal dose was used. Ouabain was 
selected as a representative of the digitalis glucosides because its crystalline 
form insures uniform dosage. Further, it can be administered intravenously, 
and evokes a rapid response on the part of the circulation. By using this drug 
the effects due to saponins or other substances present in the whole leaf were 
eliminated. 

In order to overcome various objections and possible sourees of error in 
the work of others and to check on the validity of our own results, we studied 
the splanchnic vascular bed by several different methods of approach. We first 
investigated the volume changes of the spleen, but, because of the labile nature 
of the spleen and its normal rhythmical contraction and relaxation, we soon 
changed to the alterations of volume of intestinal loops. In the experiments 
on spleen and intestinal volume, oncometers were placed on the respective 
organs and the volume changes were recorded on the drum in the usual manner. 

Because of the discrepancies which were encountered with the oncometric 
studies of the spleen and intestine and in order to get a clearer picture of the 
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action of ouabain on the blood vessels themselves, we undertook the direct 
visualization of the various components of the splanchnic vascular bed. This 
was first done by means of the abdominal endoscope designed by Marrazzi." 
To increase the field under view and to make certain that the same vessels 
were constantly under observation during the several hours of the experiment, 
it became necessary to replace the endoscope with an apparatus of our own 
construction (see Fig. 1) and to exteriorize a loop of ileum with its mesentery. 
This loop was bathed continually in normal saline at body temperature. The 
changes in vessel caliber were established by comparing them to a hair in the 


field or to the markines on an ocular micrometer seale. 














B. 


Fig. 1.—Apparatus used for visualization of vessels of the splanchnic bed. A, showing 
rangement of lens and lighting system; B, showing space for mesenteric loop between lens 





nd glass plate. 


Despite the precautions taken to maintain physiologic conditions, there 
robably was some unavoidable effect on the mesenteric vessels incident to 
e operative procedures. In an attempt to control this, a period of thirty 
inutes to one hour was allowed to elapse before ouabain was administered. 
ich a pause permitted circulatory readjustments to take place and the normal 
iriation in vessel caliber to be evaluated. This preliminary period further 
forded an opportunity to observe the effects of temperature, of intravenous 
jection of fluid (saline), and of the action of known vasoconstrictor and 


asodilator drugs (epinephrine and amyl nitrite). 
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OBSERVATIONS 


Experiments on the Spleen Volume.—tThe effect of intravenous injection 
of ouabain on the volume of the spleen was studied in 10 dogs. Following a 
‘‘small dose’? no appreciable change was found in 5 instances. Of the other 
5 dogs, there was a diminution in the size of the spleen in 3 and an increase 
in 2. In the cases where a ‘‘small dose’? of ouabain had no effect on the 
spleen volume, the amounts per kilogram of body weight varied from 0.022 
to 0.06 mg. <A similar variation in dosage, 0.029 to 0.056 mg. per ke., caused 
a decrease in the volume of the spleen. Likewise, 0.03 to 0.08 mg. per kg. 
caused an increase in spleen volume. In 5 cases either repeated small doses 
or a single large dose (0.058 to 0.123 me. per ke.) were given to study the 
toxic effect of ouabain. The predominating effect (3 cases) was a constriction 
of the spleen, and of the other 2 animals, one exhibited dilatation and one, 


no echanee. This is shown in Table I. 


TABLE I 


SHOWING THE EFFECT OF OUABAIN ON VOLUME OF SPLEEN AND INTESTINAL LOOPS 


l SMALL DOSE ~ LARGE DOSE 


TONEERO xo | CONSTRIC 





NO CHANGE | DILATATION a DILATATION | 4 

TION CHANGE | TION 
Spleen 5 , 3 1 l 3 
Intestine 3 5 3 0 8 0 


Experiments on the Intestinal Volume.—Eleven animals were studied in 
the experiments on intestinal volume. In 5 of these the predominating effect 
of a ‘‘small dose’’ of ouabain was dilatation. In the remaining 6 dogs, there 
was a decrease in intestinal volume in 3, and no change in the other 3. In 8 
animals in which either the first dose of ouabain proved to be toxic or the ‘‘small 
doses’’ were given repeatedly until toxicity resulted, the intestinal volume was 
increased in every instance (see Table I). 

Experiments on the Visualization of the Vascular Bed of an Intestinal Loop. 

We have complete data of the effects of ouabain on the vascular bed of 18 
dogs. As in the case of the experiments on the volume changes of the spleen 
and intestine, these experiments have also been divided into two series, those 
dealing with the effect of a ‘‘small dose’’ and those with large or toxie doses. 

A typical protocol is shown in Table II and a summary of all the experi- 
ments is shown in Table IIT. An analysis of these experiments shows that 
with a ‘‘small dose’? of ouabain the predominating effect was no change at 
all, this being the result obtained in at least one-half of the dogs studied. In 
those animals that did exhibit a change, constriction was the outstanding 
feature. This constriction was most obvious in the large arteries and least 


prominent on the venous side of the vascular tree. 


In the experiments with ‘‘small doses’’ of ouabain, dilatation was rela- 
tively inconspicuous. On the other hand, with large or toxie doses dilatation 
becomes a very conspicuous feature and in contrast to the constriction with 
‘*small doses,’’ which was prominent on the arterial side of the vascular loop, 
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the dilatation was most prominent on the venous side of the loop. In a small 
percentage of cases dilatation was present throughout the entire vascular tree. 
Some constriction was also present with toxic doses but it seemed to be mainly 
limited to the medium and very small arterioles. These effects are graphically 


shown in Fig. 2. 














OE 
DOOMIPOOE 





- (a 
Therapeutic Toxic 
Dose Dose 


Fig. 2.—Graphie illustration of the effects of ouabain on the intestinal vascular tree with small 
and large doses. Abbreviations same as for Table II. 


In all animal experiments dealing with the circulation the question as to 
how great a factor alterations in oxygenation may play in the results obtained 
was seriously considered. While there is no doubt that moderate asphyxia 
or hyperventilation could produce changes in the blood flow through the 
splanchnic area, every attempt was made to reduce this variable to a minimum. 
In some experiments artificial respiration was used throughout, and in com- 
paring the results in these instances with those in which artificial respiration 
was not employed, no difference in result was apparent. In certain cases 
where the respiration was slow, artificial respiration was instituted to insure 
adequate ventilation; however, no appreciable changes were noted in either 
direction from the trends obtained. We feel, therefore, that the variations 
described were not due to changes in oxygenation of the blood. In an attempt 
to explain the results on the basis of other experimental variables we analyzed 
our work in relation to the dosage of ouabain, blood pressure, and heart rate. 
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TABLE II 
SHOWING THE EFFECT OF OUABAIN ON THE VASCULAR BED OF THE MESENTERY 
Experiment No. 101 


Dog 9 kg. 


EFFECT ON VASCULAR BED 


—— — ws sidan L.A. | S.A. |V.S.A.| CAP. | V.S.V.| S.V. | LV. 
10:00 CHCl 
10:05 Chloralosane 
10:10 Art. resp. 
10:15 9U 140 a 
10:41 Ouabain 0.25 mg. 90 140 N N N N N N N 
10:42 90 145 N N N N N N N 
10:43 N Cc Cc N N N N 
10:44 90 142 N C Cc N 2D D N 
10:45 90 140 N N D N 2D N N 
10:46% N N D N 2p N N 
10:47 — 909 | 140 | N N N N 2D N N 
10:48 140 N N N N N N N 
10:53 95 140 N N N N N N N 
10:55 Ouabain 0.25 mg. 99 140 N N N N N N N 
10:56 100 146 N N N N N N N 
10:58 100 146 N N N N N N N 
10:581% N D DD N N N N 
10:59 90 150 N N N N N N N 
10:5914 150 N N N N 2D 2D D 
11:00 90 152 N N N N D D D 
11:01 90 152 N N N N D D D 
11:03 a0 152 N N N N D D D 
11:08 OQ 156 N N N N D D D 
11:12 90 156 N N N N D D D 
11:12% |Ouabain 0.25 mg. 100 N N N N N N N 
11:13% 210 200 N 2C 2C D 2D 3D 2D 
11:15%4 200 | 208 | N 2p | 2p | 2D | 2D | 3D | 2D 
11:17 200 210 2D 2D 2D iD 1D 4D 4D 
11:19 110 200 2D 2D 2D tD iD 4D 4D 
11:24 100 175 2D 2D 2D 1D iD iD 4D 
11:46 110 170 N D N N D N N 
*Preliminary period of observations. All future changes in vessels are in relation to 


this norm. 


Explanation of Abbreviations 


P.—Pulse 1{D—Dilatation, marked 
B.P.—Blood pressure N—No appreciable change 
(—Constriction, slight to 10 per cent L.A.—Large artery 
2C—Constriction, to 20 per cent S.A.—Small artery 
3C—Constriction, to 50 per cent V.S.A.—Very small artery 
1C—Constriction, marked Cap.—Capillary 
D—Dilatation, slight to 10 per cent V.S.V.—Very small vein 
2D—Dilatation, to 20 per cent S.V.—Small vein 
3D—Dilatation, to 50 per cent L..V.—Large vein 


An analysis of the dose of ouabain and the effect on the spleen and intestinal 
volume showed no relationship, except insofar as the results with ‘‘small 
doses’’ varied from those with large doses. In other words. the variations 
within a certain group of experiments with either ‘‘small’’ or toxie doses of 
ouabain cannot be explained on the basis of dosage. 

Ouabain in ‘‘small doses,’’ as has been repeatedly demonstrated by others. 
usually caused a rise in arterial pressure. When toxic doses were used, the 
arterial pressure fell at first slowly but terminally, rather abruptly. There 


was no particular correlation in the results obtained with respect to the initial 
pressure. Those experiments with an initial low arterial pressure were similar 
to those with an elevated arterial pressure. Furthermore, the degree of change 
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TABLE III 
SUMMARY OF THE EFFECT OF OUABAIN ON THE VASCULAR BED OF THE MESENTERY 


AT TIME OUABAIN 
INJECTION WAS 


CHANGES FOLLOWING OUABAIN 
EFFECT ON SPLANCHNIC BED 


BEGUN 
EXP. | B. P. P. B. P. P. I. A. rags a. & CAP. Vv. S. V. S. V. la. Vi 
CHANGES FOLLOWING OUABAIN IN SMALL DOSES 
$19 15> | 100 | 210 60 | 2D 20 ID 1C N N N 
S25 110 to 4] 60 3C 3C aC 3C 3C 3C 3C 
S24 35. | 150 | 154 155 N N N N N C N 
S31 100 100 120 100 > K } y- & N N N N 
go 70 a0) ov) 7D 2 3C 3C ? N N D 
O10 165 60 195 10 Cc e N N N C N 
y() 150 SO 170 0) c [ N N N N N 
2] 225 70 250 60) D N C N N N N 
G30 ISO 100 195 75 N N c N N N N 
10] 140 a) 142 90) N N D N 2p N N 
105 156 ISO 177 140 N N N N N N N 
113 118 160 139 155 N N C N N N N 
115 110 Q5 60 100 N N N N N N N 
119 175 150 184 130 N N N N N N N 
CHANGES FOLLOWING OUABAIN IN TOXIC DOSES 

823 9] 60 112 60; D | D | 2D | 4D 3D | 2D 2D 
S24 154 OW) 156 60 N 4C jC 4D 2D N N 
910 170 150 202 115 N Cc 2C N N N N 
920 180 250 144 225 2C 2C 3C 41C 1D 2D D 
2] 250 5 | 215 50 N 3C 3C N N N N 
930 180 165 255 50 N Cc 2C N N N D 
10] 156 100 210 200 D D D 3D 4D 4D 4D 
105 160 5 200 SO) N D D N N N N 
113 140 120 160 100 N N N N N N N 
119 165 120 195 100 N N N N N N N 
v14 180 | 200 190 140 N N N N N N N 
G18 160 op 200 x4 N N G N N N N 
102 SO o0 110 75 N Cc 2( 2C 2C Cc C 
93 2995 70 250 60 N D oD 2D 2D 2D 2D 
QS 114 78 S4 10) N C . N N ( C 
108 150 110 °10 x0 D Cc S N N N D 
S20 240 | 130 215 90 N D D N N D D 
114 220 120 220 98 N D Cc N N 


[— 
~ 


For explanation of abbreviations see Table II. 


in pressure following the administration of ouabain lacked any definite rela- 
tionship with the changes in the splanchnic vascular bed. Likewise, an analysis 
of the heart rate in the various instances failed to explain the results obtained. 
because of this we believe that the results described must be due to the action 
if the drug itself on the vessels of the splanchnic bed. 


DISCUSSION 


We have demonstrated that following the administration of ouabain to nor- 
mal dogs, there was a distinct difference in the action on the splanchnic bed of a 
‘small dose,’’ comparable to that of a therapeutic dose in man and a large or 
ioxie dose. The effect of a ‘‘small dose’’ on the volume of the spleen is variable. 
While in some instances dilatation of the spleen was noted, as was found by 
Doek and Tainter,”® in an equal number of cases constriction occurred, and in 
he majority of instances there was no appreciable effect. The conclusions 
‘eached by Dock and Tainter on the basis of experiments on two animals 
seems unjustifiable, for as our results suggest, if they had employed a larger 
iumber of animals, their results might be less uniform. The changes found 
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in the spleen do not appear to us to be due to the action of ouabain but rather 
to other variables in the regulation of the circulating blood volume. 

With these “‘small doses’? of ouabain increase in the intestinal volume 
Was present in the majority of cases. Thus. with no significant change in the 
spleen volume and an increase in volume in the mesenteric bed, we may con- 
clude that there is some pooling of blood in the splanchnic area following the 
administration of these ‘‘small doses.’’ More detailed examination of the 
mesenteric tree in similar cases shows that this pooling took place by dilata- 
tion of the large and medium-sized arteries and veins. Because the observed 
increase in the intestinal volume was not very great and the dilatation of the 
vessels, by actual visualization, was rather uncommon, and further because 
the large vessels are only a small part of the mesenteric bed, we feel that the 
amount of pooling in these instances could not have been very great. 

With toxic doses of ouabain there was a striking decrease in the size of 
the spleen. This effect is well known, having been demonstrated repeatedly."* 
On the other hand, such doses caused the volume of the intestinal mesentery 
to inerease, i.e., the vessels dilated, in every instance. Careful study of the 
various components of the vascular tree shows that the bulk of the blood is 
retained on the venous side. In view of the fact that the mesenteric bed is of 
greater volume than the spleen, one may assume that with toxic doses there 
is a definite pooling of blood in the splanchnic area, even though the spleen 
volume was diminished. 

The volume of blood that is pooled in the mesenteric bed is believed by 
Dock and Tainter®® to be caused by constriction of the hepatie veins. Al- 
though we have no direct observations as to whether or not this accumulation 
of blood in the splanchnic area is the result of an obstructed hepatie outflow 
(hepatic vein constriction), still obstruction of hepatic flow should always 
cause increase in spleen volume; this was certainly not present. Furthermore, 
on the basis of our detailed study of the various units of the vascular tree, 
where in some instances part of the venous tree dilated while other areas re- 
mained unchanged (see Table III), it appears that this dilatation is not a 
purely passive mechanism. While ouabain undoubtedly does affect the vaseu- 
lar tree, causing some pooling of blood in the mesenteric bed, more so with 
large doses than with ‘‘small’’ ones, our evidence does not permit us to go 
to the extreme that Dock and Tainter, and Katz, Rodbard, Friend, and Rot- 
‘site of action of thera- 


tersman!! have gone when they conclude that the 
peutic doses of digitalis is on the peripheral vessels’? and on the heart in- 
directly. This explanation of the mechanism of diminished ecardiae outflow 
seems unlikely for other reasons as well. The effect of the action of ouabain 
upon the heart endures for a much longer period than on the splanchnic ves- 
sels. As pointed out by Cohn and Steele:’ ‘‘If, as between effect on heart 
and on hepatie veins, that on veins persists, it is essential to know in general 
how long this action may be. That on the heart is known to last for several, 
perhaps for many days. If that on the veins is as long, the action of both 


structures must contribute to the final result; if not, that on the veins pos 
sesses a slight influence only.’’ The evidence we have presented shows that 
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the effect on the veins is of much shorter duration than on the heart. Fur- 
thermore, as has been pointed out, with ‘‘small doses’’ of ouabain the amount 
of pooling of blood is rather small and does not seem sufficient to aecount 


for the decrease in cardiae output. 


SUMMARY 


1. The action of Ouabain on the splanchnic circulation was investigated 


by several methods in 42 intact dogs. 

2. ‘*Small doses’’ of ouabain, comparable to a therapeutic dose in man, had 
no significant effect on the spleen volume; large or toxic doses caused a de- 
crease in spleen volume. 

3. The volume of intestinal loops increased slightly with ‘‘small doses’’ of 
ouabain and showed a striking increase with toxic doses. 

$4. By making the vascular tree of the mesenteric bed visible the site of 
action of the drug was demonstrated. 

5. Our results indicate that there is some pooling of blood in the splanch- 
nie circulation following ‘‘small doses”? but that the amount is rather small and 
does not seem sufficient to account for the decrease in cardiae output. Fur- 
thermore, this pooling of blood is not a purely passive affair, as one might 


expect if it were due to constriction of the hepatic veins. 


It is a pleasure to acknowledge the helpful suggestions given by Dr. Arthur C. DeGraff 
nd Dr. George B. Wallace. 
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ORAL POLLEN THERAPY* 
Seymour C. Scuwartz, M.D., F.A.C.P., Eu Paso, TEXAs 


LTHOUGHL there have appeared a number of reports indicating that in 
A pollen-sensitive individuals desensitization can be produced by the oral 
administration of pollen antigens, this method of treatment in hay fever is 
considered by the majority of allergists as yet in the experimental stage. 

The early experiments of Curtis,’ Touart,? Walzer,’ and Thommen* indi- 
cated that in certain eases of hay fever satisfactory relief of symptoms could 
he obtained by some form of specific oral pollen therapy. No extensive applica 
tion of this method was attempted until Black,’ " after demonstrating that rag 
weed antigen appears in the blood and urine after ingestion of the pollen, used 
the oral route in the treatment of 150 grass and raeweed-sensitive patients. 
He used as the initial dose 10 drops of a 1:20 (5 per cent) pollen extract, 
increasing it rapidly to a maximum dosage of 60 drops three times daily in 
water, milk, or other beverage. Although having considerable success with 
the oral method, his results did not equal those he obtained with the method 
of parenteral injections. 

Later, Gatterdam,’:* using less concentrated pollen extracts and smaller : 
doses than did Black, reported marked relief with the oral treatment in 75 
to 85 per cent of hay fever patients. Black and Gatterdam pointed out sev- 
eral advantages of oral therapy in hay fever, such as the wide margin of safety, 
the ability of many patients to reach protective doses rapidly, the minimum of 
expense and discomfort to the patient, and its application, in seleeted eases, 


in combination with hypodermic therapy. 


Stier and Hollister,” after some preliminary experiments with oral pollen } 
therapy, observed that Black’s recommended doses were too large and that, in ; 
some patients, almost unbelievably small oral doses must be given to relieve 
symptoms, since the larger doses would produce them. They attempted in a i 


few patients the alternation of hypodermie doses of pollen extracts and oral 
doses with satisfactory results. In other patients, who desired to dispense with 


*From the William Beaumont General Hospital, Fl Paso. 
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hypodermic injections while away on vacations, the substitution of oral treat- 
ment during these periods was found to be effective in maintaining their desensi- 
tization. They then used oral pollen therapy exclusively for the following three 
vears in 383 patients, and reported that 78 per cent of these patients obtained 
satisfactory relief from hay fever symptoms. They believe that their results 
with oral therapy in hay fever compare very favorably with the results obtaimed 
with the hypodermic administration of pollen extracts. 

In Europe good results with oral therapy in pollen-sensitive patients are 
claimed by Urbach,’® who employed the appropriate pollen peptones or pro 
teins prepared from the entire pollinating flower, grass, or grain for treatment, 
although using the pollens in testing for sensitivity. 

sernstein and Feinberg! treated 20 ragweed-sensitive patients in a Middle 
West community by the oral administration of a 1:33 (3 per cent) ragweed 
pollen extract. Treatment was given co-seasonally three times daily, starting 
with 1 drop doses and increasing to 10 to 15 drop doses of this extract at the 
end of one week. Although they conclude that oral ragweed pollen therapy 
is of little value in this region, it should be noted that their dosage was higher 
than used by Gatterdam or Stier and Hollister, that the treatment period was 
short, from one to three weeks, and that the majority of their patients had 
received previous hypodermie therapy without benefit. 

Rockwell’? used a specially prepared whole pollen antigen in capsules in 
the oral treatment of 182 patients with grass or ragweed sensitivity. His initial 
dose was 500 pollen units, and the usual maximum dose for grass-sensitive 
patients was 60,000 units, and for ragweed-sensitive patients, 120,000 units. 
Satisfactory to complete relief was obtained in 63.2 per cent of the patients, 
with somewhat better results in the grass-sensitive group than obtained in the 
ragweed-sensitive group. He believes that results comparable to those with 
the injection method will be obtained if oral treatment is begun preseasonally, 
and a sufficient maintenance dose is reached by the beginning of the hay fever 
season. Bohner,'® using the same antigen preparation for oral administration 
as employed by Rockwell, reported the results of treatment in 62 ragweed-sensi- 
tive patients during a season with a very high local pollen count. Satisfactory 
relief was obtained in 13 out of 21 patients with oral therapy, 16 out of 21 with 
hypodermie injections, and 9 out of 20 with intracutaneous injections of pollen 
extract. 

Barksdale™ treated 48 patients with hay fever and bronchial asthma by the 
oral administration of a combination of aqueous extracts of local pollens and 
house dust from the patient’s home. Complete or marked relief of symptoms 
was obtained in 88 per cent of his patients. Treatment was continued until 2 
or 3 ounees of the extraets had been taken, following which, in the great major- 
itv of patients, he noted a period of desensitization lasting twelve months or 
more. 

Black’ again attempted oral therapy in 40 ragweed-sensitive patients in 
1938. In this series he used pollen antigen in tablet form, starting with an 
nitial dose of 500 pollen units, and inereasing by 500 units each day until 
symptoms subsided, or until a dose of 4,000 units was reached. With the 
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larger doses, 1,000 units were taken at a time, and as many doses used during 
the day as was necessary to get the required amount. His doses were prefer- 
ably taken on an empty stomach, followed by a glass of water. Two patients 
had nausea and abdominal distress, and discontinued treatment. Satisfactory 
results were obtained in 40 per cent of these eases. He stated that, although 
the results in general were not as good as with hypodermic therapy, some pa- 
tients obtained complete relief of symptoms with the oral treatment. 

That a certain proportion of sufferers from hay fever can be satisfactorily 
relieved by oral therapy seems to be established. It is not surprising that the 
individual reports of experiments in oral pollen therapy have been apparently 
conflicting, when one considers the wide divergence in the materials and methods 
of administration used by the various investigators. As further observations 
would appear to be of value, I present my experience with the oral method of 


desensitization in hay fever. 
MATERIALS AND METHODS 


Oral pollen therapy in hay fever was attempted in 33 patients during the 
latter part of 1936, and in 65 patients in 1937. The results obtained in 1936 
were reported by MeGrew,'® who assisted in the earlier part of the experiment. 
Good to complete relief of symptoms was obtained in approximately 88 per 
cent of patients with coseasonal oral treatment. In 1937 it was decided to dis- 
continue desensitization by hypodermic injection, and to employ the oral method 
for one entire season in all eases of pollen sensitivity presenting themselves 
for treatment at the Outpatient Clinic of William Beaumont General Hospital. 

Pollens Used.—In 1936 there were only three pollen extracts available for 
oral treatment. All patients were given a combination of equal parts of pollen 
extracts of Bermuda grass (Capriola dactylon), Russian thistle (Salsola pesti- 
fer), and careless weed (Amaranthus palmeri), the three main pollen offenders 
in this region.* For the 1937 season, additional extracts for oral treatment 
were prepared from the pollens of Western ragweed (Ambrosia psilostachya) , 
sagebrush (Artemesia tridentata), and six tree pollens of reputed local im- 
portanee. Among other pollens available only for sensitivity tests that appeared 
of sufficient importance to list for possible future use in this locality were the 
shad seale (Atriplex canescens) and the salt cedar (Tamarix gallica). 

Sensitivity Tests.—Sensitivity tests were made by the scratch method. In 
the majority of patients multiple pollen sensitivity was present, usually to 
four or more pollens, only one patient showing sensitivity to a single pollen. 

Extract of Pollen for Oral Administration.—The pollen extract used for 
oral administration was one of the extracts which have given good results in 
the experience of Gatterdam.’’ This is a 1 per cent (1:100) pollen extract in 
an extracting fluid consisting of 0.85 per cent of sodium chloride to which is 
added 5 per cent glucose and 15 per cent alcohol. The extraction is carried 


out at room temperature with occasional shaking for twenty-four hours, and 
the pollen removed by filtration through paper. This extract was used in the 


*Much of the material used to initiate the experiment was furnished by Dr. E. A. Gatter- 
dam, of Phoenix, to whom grateful acknowledgment is given. 
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majority of cases. For some, the strength of the extracts used was reduced to 
0.5 per cent (1:200) with satisfactory results. 

Dosage.— The patients were instructed to start with a dose of 1 drop of 
the pollen extract in one-half glass of water after morning and evening meals, 
gradually increasing the dose by 1 or 2 drops daily until symptoms were re- 
lieved. They were instructed to watch for symptoms of an overdose, which 
would probably be manifested by an increase in hay fever symptoms within 
an hour, or a mild urticaria, or gastric distress or nausea. Gastric symptoms 
did not occur in this series, except in 2 patients who experienced moderate 
nausea at the beginning of the treatment. Many patients noted an increase in 
hay fever symptoms, and some experienced mild urticaria following certain 
doses of the extract. In such cases the patient’s individual tolerance to the 
extract could be determined. If overdosage appeared probable, the patient was 
instructed to reduce the next dose by several drops, and, if symptoms were 
not then controlled, to increase successive doses very slowly. Often it was pos- 
sible for the patient later to reach a dose equal to or considerably larger than 
that which previously had been above his tolerance. Some patients appeared 
to show a very narrow limit between the dose which controlled symptoms and 
that which constituted an overdose, and in some it was difficult to determine 
whether or not continuance of symptoms was due to overdosage or to insuffi- 
cient desensitization, 

The dosage which controlled symptoms in the patients treated with satis- 
factory results ranged from 2 drops to 17 drops of the extract twice daily, 
averaging from 4+ to 6 drops two or three times daily (approximately 2,500 to 
3,700 pollen units). In patients commencing treatment after the onset of 
symptoms, many were satisfactorily relieved after three or four days of oral 
treatment. 

Pollen Extracts Used.—Forty-eight patients were treated with a mixture 
of equal parts of the extracts of the three main pollen offenders in this region; 
namely, Bermuda grass, careless weed, and Russian thistle. Nine patients were 
given one additional pollen extract, usually Western ragweed, sagebrush, or 
mesquite, and one patient was not completely relieved until a fifth extract was 
added. Three patients were satisfactorily treated with a mixture of two pollen 
extracts. In only 3 patients was a single pollen extract used; mesquite in one 
and ragweed in 2. 

Patients sensitive to giant and short ragweed have shown sensitivity to 
the Western ragweed, but in this locality the ragweed is not of major im- 
portance and most of these patients do not require treatment for this sensitivity. 
One patient, an army officer, sensitive to Russian thistle, pigweeds, and rag- 
weeds, was unable to take hypodermie treatment while on maneuvers in central 
Texas, where the Eastern ragweed varieties are present. This patient was sat- 
isfactorily treated by oral administration of three pollen extracts representing 
the sensitivity groups, in which the ragweed fraction was prepared from the 
Western ragweed species. Another ragweed-sensitive patient, also an army 
officer, was on temporary duty in Ohio during the ragweed season. After severe 
hay fever symptoms and asthma had appeared, Western ragweed extract was 
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sent to him by mail. He was relieved by oral treatment in a few days, and 
continued through the season without symptoms on a dosage of 6 drops three 
times daily. <A third ragweed-sensitive patient, living in North Carolina, was 
furnished Western ragweed extract for oral treatment three weeks prior to the 
ragweed season. He took 20 drops of the extract daily until the beginning 
of the season, then reduced to 6 drops twice daily, with complete relief from 
his usual severe symptoms. 


RESULTS 


Of the 65 patients treated by the oral method in 1937, 26 received com- 
plete relief from symptoms and 31 had satisfactory relief, the latter group hav- 
ing oceasional symptoms during the dust storms common to this region, or when 
under other excessive pollen exposure. Considering the usual definition of sat- 
isfactory treatment in hay fever, 87 per cent of the patients were satisfactorily 
relieved of symptoms with oral therapy, which results approximate closely those 
which ean be expected with the injection method of treatment. 

The results in the remaining 8 patients were not satisfactory, although all 
but one received partial relief with the oral treatment. In at least 3 of these 
patients, symptoms were possibly due to sensitivity to allergens other than pol 
lens. In one, added sensitivity to various flowers appeared probable, for which 
no treatment was available. In 2 patients overdosing was believed to have been 
responsible for the unsatisfactory results. In one patient with somewhat doubt- 
ful symptoms of pollen sensitivity, oral therapy was a complete failure, as had 
been previous treatment by the hypodermic method. 

In the entire series 49 were adults and 16 were children. As a group, the 
children showed less severe symptoms and somewhat more satisfactory results 
with oral therapy than did the adults. Eighteen patients had taken oral treat- 
ment the previous year, and had as good or better results during the second 
year of oral treatment. Sixteen patients had received treatment by the injection 
method in previous years. Nine of these stated that the results of oral therapy 
equaled those received with the hypodermic injections, and 6 claimed that the 
oral method was superior. The success with oral therapy in these patients is 
believed to be due in part, at least, to the inclusion of a greater number of 
pollen extracts in oral treatment than had been employed in the hypodermic 
method. 

There were 13 patients who were known to be sensitive to foods or mis- 
cellaneous allergens in addition to pollens. No specific treatment, except for 
pollen sensitivity, was employed, the other methods being dietary restriction or 
removal of offending substances where possible. Five of these patients had 
asthma which was relieved in four eases by oral pollen therapy and other recom- 
mended measures. Eight patients in whom asthma was one of the manifesta- 
tions of hay fever were relieved of this symptom by oral therapy alone. 

I personally observed all but 3 patients at intervals throughout the pollen 
seasons. Observation is considered important from the standpoint of obtaining 
the best results in oral treatment. Each patient presents an individual problem. 
Oceasionally new sensitizations are discovered. In multiple sensitivities, ex- 





rae | 


poe eee ae 








SCHWARTZ: ORAL POLLEN THERAPY 571 
tract mixtures have been changed or new extracts have been added as considered 
necessary. Such flexibility of treatment, without danger to the patient, is one 
of the advantages of oral therapy. 


DISCUSSION 


Pollen Antigens.—There is considerable variation in the types of pollen 
antigens which have been used in oral desensitization experiments. Whole 
pollen, pollen proteins, and different types of extracts of pollen have been used 
with more or less success. Alum-precipitated pollen extracts, used in hypo- 
dermie treatment by Sledge,'* have not yet been tried in oral therapy. | have 
used one of the liquid extracts exclusively, with results not justifying a change 
to some other preparation. Further experimentation will be necessary to deter- 
mine the most suitable type of pollen antigen for oral administration; however, 
the dosage will still remain the most important consideration. 

There is accumulating evidence of immunologic relationship in the aller 
venice substances of the pollen of plant groups of related species. Thommen‘ 
states that the hay fever excitant is similar in character in the various species 
of pollen belonging to any particular genus of trees. He also demonstrated 
that a patient sensitive to one grass pollen reacts to all other grass pollens. 
Sellers?” expressed the belief that Western ragweed is of atopie identity with 
the giant and short varieties. Although it is generally believed that immuno- 
logic relationship of pollens does not extend beyond the plant families, Sellers 
believes that sharp specificity is lacking between related families of the order 
Chenopodiales. These facts have been utilized as an aid in the selection of 
fewer pollen antigens for sensitivity tests and in treatment; for example, 
Hrench?' and others have used timothy grass pollen exclusively for testing and 
treating all grass-sensitive patients, and similarly a single pollen for each of 
the ragweed and amaranth groups. 

There is also some evidence that the allergenic substance of a pollen may 
be present in other parts of the plant itself. Farmer?*? quotes the botanist Mez 
as believing that ‘‘all living cells of the same plant show a similarity of their 
reactions’’; however, he records some interesting experiments with a number 
of plants, showing that there is no immunologic relationship between the pollens 
and seeds of the same plant. Curtis utilized extracts of the entire pollinating 
lower, and Urbach used proteins of the appropriate grass, grain, or flowers in 
their experiments in oral therapy. It would be well to investigate further the 
possibility of substituting for pollen a more readily procurable antigen from 
‘ome other part of the plant. 

Dosage.—In_ reviewing experiments with oral pollen therapy, the most 
ariable factor appears to be the dosage emploved. The dosage schedule sue- 
essfully used in the hypodermie method is not applicable in oral therapy. The 
eport of Bernstein and Feinberg includes observations indicating that the 
imount of antigen demonstrable in the blood after oral administration is only 
|/4,000 of the amount demonstrated after hypodermic injection. This has led 
0 experiments in which oral doses considerably in excess of the usual hypo- 
lermie doses have been administered; however, judging from some of the re- 
orts and from our own experience there seems to occur a far greater desensi- 
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tizing effect after oral administration of moderate or small doses of pollen anti- 
ven than ean be readily explained by the amount of antigen which is apparently 
recoverable from the blood following this method of administration. 

Those who have reported the best results with oral therapy have used in 
general small doses frequently repeated. The usual maintenance dose in our 
series has been from 4 to 6 drops of the mixed 1:100 extracts (approximately 
2.500 to 3.700 total pollen units) taken two or three times daily. 

It has been shown by a number of workers that when desensitization is 
obtained through oral therapy, a satisfactory desensitizing dose may be reached 
by the patient very rapidly. | have noted marked to complete relief after the 
fourth or fifth dose of pollen extract administered orally in gradually asecend- 
ing doses. The desensitization period following an adequate oral dose appears 
to be very brief as compared to that following a maintenance dose by injection. 
This makes it necessary to repeat the minimum oral maintenance dose fre- 
quently up to three, and occasionally four, times a day. 

Preseasonal Treatment.—In his experiments with oral therapy, Touart used 
small daily doses of antigen preseasonally for six weeks, discontinuing the treat- 
ment at the onset of the pollinating season. Some of his patients were satis- 
factorily relieved during the entire season. Other attempts to use this method 
have not produced satisfactory results. Preseasonal oral therapy alone has 
been discontinued in later experiments which favor the coseasonal method. 
Gatterdam recommends the building up of immunity with larger doses pre- 
seasonally, reducing the seasonal treatment to the lowest maintenance dose 
which will relieve symptoms. Rockwell believes that ‘* build up’’ doses should 
be attempted before the season, and maximum doses continued coseasonally. In 
our series, preseasonal treatment followed by the minimum required mainte- 
nanee dosage during the season has given good results, and is advised for patients 
who have not been entirely relieved by previous coseasonal oral treatment. 

Coseasonal Treatment.—Coseasonal treatment has been the method most 
commonly employed in oral therapy. Stier and Hollister both favor it. Black 
has used it exelusively. In most of our patients it was used of necessity, as 
they were first seen after symptoms had become manifest. The rapidity and 
safety with which a maintenance dose can often be reached coseasonally are 
marked advantages in oral therapy. In most of our patients coseasonal treat- 
ment is all that has been required. 

Perennial or Annual Treatment.—Gatterdam advocates building up to a 
moderate oral maintenance dose, repeating this throughout the year at from 
three- to seven-day intervals, thereby producing a more lasting immunity. This 
method appears worthy of further trial. 

Combined Oral and Hypodermic Treatment.—Gatterdam employs oral ther 
apy as an adjunet to hypodermic injections in patients not responding well to 
oral treatment alone. Stier and Hollister found that, in patients undergoing 
hypodermic treatment, oral therapy was successful in keeping up desensitiza- 
tion in patients undergoing hypodermic treatment during absence on vaca 
tions. Black reported that pollen administered orally to patients having severe 
reactions with hypodermic therapy and unable to reach protecting doses at 
the beginning of the season, enabled them to continue the hypodermic treat 
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ment more rapidly and without reactions. It seems probable that combined 


oral and hypodermic treatment would produce better results than either method 





used alone in any series of cases. 
DISADVANTAGES OF ORAL THERAPY 


(a) Cost: That oral therapy is expensive has been noted in several re- 
ports. Pollens are now less expensive than formerly. If the 1 per cent (1:100) 
or weaker extracts are used for oral administration and dosage kept to the 
minimum requirements, the cost is not excessive. From the standpoint of the 
patient, the expense incurred in visits to the physician's office is reduced. 

(b) Results Not as Good as With Hypodermic Therapy: This apparently 
applies to the giant and short ragweed-sensitive patients only, judging from the 
available reports. The type of extracts and dosages used by Gatterdam, Stier 
and Hollister, and myself have not been given an extensive trial in this group 
of cases. Stier and Hollister are of the opinion that better results might be 
expected in the fall hay fever cases if treatment were more inclusive. In our 
series we have ineluded, as a rule, at least three pollens for the fall cases, usually 
including Bermuda grass, although skin sensitivity tests or symptoms did not 
necessarily indicate the need for grass treatment. 

(e) Dosages Not Easily Controlled: This is a considerable disadvantage 
in oral therapy. Reactions to treatment cannot be observed with the exactness 
obtainable in hypodermic therapy. As the treatment is carried out at home, 
the patient may be inelined to experiment or overdose and not follow instrue- 
tions. Even with cooperative patients it is occasionally difficult to determine 
the correct individual dose. Most of our patients have been sincerely inter- 
ested in obtaining relief, and, as a rule, cooperate in following instructions. 
Small amounts of the extract were given out at each visit, requiring the patient 
to return frequently for refills. At these times progress was noted, evidence 
pointing to overdosage or underdosage was obtained, and further instructions 
and advice were given. In a number of patients these instructions regarding 
the regulation of the dosage were necessary. In oral therapy, as has been 
pointed out by others, each patient is very much an individual problem, and no 
exact schedule of dosage should be attempted. 

(d) Variability in Enteral Absorption: There is evidence of variability 
f absorption of proteins through the gastrointestinal tract. In what way this 

| may apply to the absorption of pollen antigens administered orally in allergie 

individuals is not known. The active principle in pollens is apparently not 

significantly altered by peptie digestion; however, some contrary observations 

have been made. Even the formerly aeeepted belief that pollen antigen is 

purely a protein is now a matter of some dispute. In oral pollen therapy the 

robability of individual variation in enteral absorption should be kept in mind. 
ADVANTAGES OF ORAL THERAPY 

(a) Absence of Serious Reactions: No serious reactions have been en- 
countered in any of the reported experiments in oral therapy. Gastrointestinal 
symptoms, usually mild in character, are most frequently noted. These usually 
vccompany the first few doses, particularly if taken on an empty stomach. Such 
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reactions appear to occur more frequently when pollen antigens are administered 
in tablet or capsule form. With pollen extracts taken after meals in liquid 
form, well diluted, gastrie reactions have been negligible. Mild urticarial reac- 
tions, which I have not infrequently encountered, and the increase in hay 
fever symptoms following shortly after oral administration, have occurred in 
patients who have increased dosage too rapidly; most frequently they are an 
indication that the maintenance dose has been exceeded. 

(b) Ease of Administration: The wide margin of safety in oral therapy 
permits the carrying out of treatment at home with occasional visits to the 
physician for instructions or advice when required. This feature is most ac 
ceptable to patients of all ages, especially to children or those averse to hypo 
dermic injections. 

(c) Rapidity With Which Desensitizing Doses Are Reached: Our expe 
rience is similar to that of others who have found that with oral therapy relief 
of symptoms can often be obtained after the first few doses or within one to 
three days. In many of our patients maintenance doses were reached within a 
week. Such results have been most gratifying when obtained in patients pre- 
senting themselves with well-developed hay fever symptoms. 

(d) Availability of Treatment Under Unusual Conditions: This has been 
previously mentioned in connection with patients unable to come for office treat- 
ments, or those away on vacations, or those who travel frequently. In such 
cases, oral treatment offers the best solution, either given alone or as a supple- 


ment to, or temporary substitute for, hypodermie therapy. 
SUMMARY AND CONCLUSIONS 


Oral pollen therapy has been employed at William Beaumont General Hos- 
pital, El Paso, Texas, in the treatment of patients with hay fever over a period 
of three years. In 154 observed cases the results have been comparable to those 
which would have been expected if the hypodermic method of treatment had 
been used. All patients except 3 came from the semiarid region of west Texas. 
These 3 were ragweed-sensitive patients who were given oral treatment, using 
a Western ragweed extract, when under exposure to the Eastern species, and 
were completely relieved of symptoms. 

Materials and methods used are set forth and discussed, together with the 
reports of other investigators in oral pollen therapy. 

In the present-day treatment of hay fever, desensitization by the oral 
administration of specifie pollen antigens cannot entirely supplant the estab- 
lished method of parenteral injections. However, a considerable number of 
patients can be given as much relief by intelligently administered oral therapy 
as can be obtained by the hypodermic method. Under certain circumstances 
treatment by the oral route is the method of choice. There is sufficient evidence 
regarding the efficacy of oral therapy in hay fever to justify a more extended 
use of this method. 

Addendum.—During 1938 oral pollen therapy was continued in the Out-Patient Clinic 
of this hospital under the direction of Captain N. H. Wiley, M. C., and Major M. M. Green, 
M. C. The same methods have been in use with materials IT have furnished. 

Major Green has reported the results in 56 patients who have been under observation 
as follows: Good to complete relief, 36 patients (64 per cent); fair relief, 15 patients 
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(27 per cent); partial or poor relief, 5 patients (9 per cent) The 1958 pollen season in 
the vicinity of El Paso was extremely severe, with pollen counts averaging many times those 
in normal years, Some loeal physicians believe that this has been the worst hay fever 
season in the history of this city, with hypodermic therapy much less effective in many 
eases than in previous seasons. The results with oral therapy during 1958, while not as 


satisfactory as obtained in previous years, are considered good in view of these circum 


stances. With an ordinary pollen concentration, the patients having received fair relief 
might have had a satisfactory season. If this had been the case, the results would have at 


least equaled those obtained in the two previous years, 
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TRAUMATIC: EPITHELIAL CYSTS* 
THOMAS (i. COoGSWELL, M.D.. AND RAYMOND H. GoopaLE, M.D. 
WORCESTER, Mass. 


RAUMATIC epithelial cysts seem to occur sufficiently often to make up a 

pathologie entity which all clinicians as well as pathologists should recognize. 
Although given various names, such as implantation and epidermoid eysts, the 
foregoing term seems most suitable, since it indicates etiology, site, and general 
nature of the lesion. These eysts have been rarely diagnosed as such, but they 
constitute an important skin lesion that may have interesting complications. It 
is significant to note that this topie has been given little, if any, space in our 
textbooks. 

Traumatic epithelial evsts were recognized in the middle of the nineteenth 
century, and numerous articles have been written about them from time to time 
in foreign literature. The first report in American literature was by Briggs,’ 
of Boston, in 1895. They were seldom mentioned, however, until the publication 
of articles by Wien and Caro, of Chicago, in 1934, and Taussig and Allington,* 
of San Franciseo, in 1935. 

The traumatic origin has apparently been universally accepted, but the 
method by which injury produces an epithelial cyst is still subject to controversy. 
Garré* was of the opinion that grafts of epithelium were implanted into the sub- 
cutaneous tissue by penetrating trauma and formed cysts. Kaufmann? experi- 
mented with cocksecombs buried in deeper tissues and found that the planted 
epidermis invariably formed a eyst. Franke® was in favor of embryonic cell 
rests which grew independently and became eystic when precipitated by trauma. 
Pels-Leusden’ produced eysts by inserting magnesium disks, which were later 
absorbed into the corium. He held that the process of epithelialization about 
such a foreign body arose from cells of the sudoriferous glands and their ducts. 
The irritant property of a foreign body also produces a type of granulation 
tissue containing numerous giant cells, a phenomenon which is seen in the wall 
of some cysts. King® gives argument to support the latter theory of genesis. 
He also stresses the latent period between the injury and the development of the 
cyst, and favors the term **‘ posttraumatic’’ epithelial cysts. It would seem that 
development of epithelium from the sudoriferous glands is the most satisfactory 
theory. 

In the files of the Pathological Laboratory of the Worcester City Hospital! 
we found a total of 37 eases of epithelial cysts from 1930 to 1939, inclusive. Ot 
these, 25 occurred in males and 12 in females; a ratio of approximately 2:1. Th 


*From the Department of Pathology, City Hospital, Worcester. 
Received for publication, May 19, 1939. 
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age range was from 13 to 70 years. The sites were as follows: thumb 4, finger 
3, palm 1, forearm 2, shoulder 1, neck 4, cheek 4, orbital region 3, forehead 2, 
buttocks 2, leg 2, foot 2, and toe 1. No definite sites were given in 6 eases. 
Traumatie epithelial cysts are more commonly found in the type of patient 
exposed to repeated trauma, such as manual laborers, mechanies, and the like. 
In accord with this, the greater incidence is in males. Some patients develop 
these evsts from a single injury, which may be severe, or so slight as to be com- 
pletely forgotten. The common sites are the palms and the flexor surfaces of the 
fingers and thumbs, as well as the soles of the feet and exposed areas of the 
face. More rarely they may occur on different parts of the body following skin 


erafts and certain surgical procedures, such as operative repair of the perineum. 

















Fig. 1.—a, Wall of epithelial cyst, b, keratinized epithelial cells in cyst. 


The cysts appear as round or oval swellings, averaging 1 to 2 em. in diam- 
ter, although often reaching greater dimensions. They are firm or semi- 
‘luctuant, usually nontender, and somewhat freely movable. The walls of the 
vsts vary from 0.1 to 0.3 em. in thickness. On the inner aspect are attached 
lense plaques of laminated keratin. The contents are grayish white and greasy 
' caseous in appearance. 

Microscopie section of the walls of these cysts strongly resembles the epi- 
rmis (Fig. 1). The outer edge (away from lumen) consists of a single row 
conspicuously nucleated high cuboidal cells. This basement membrane may 
ave a few supporting strands of fibrous tissue but no definite capsule.  Pro- 
eding inward are several layers of clear polygonal cells. In this stratum the 
tereellular bridges are usually well marked. Next are a few platelike layers 
flattened cells whose nuclei are less distinct and show karyorrhexis with seat- 
red nuclear fragments and small masses of chromatin (Fig. 2). The innermost 
ver is dead and cornified: the nuclei are absent but the cell outlines are still 
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Fig. 2 a, Wall of epithelial cyst showing intercellular bridges and degen ration of cells under 
the keratinized layer, b. 


= '? 








~~. ee 
oufay” b 
ss 


oe 


~ ~ ~- 
ee.” Se Oa ee ae 
. — ¥ | 
alte ’ -e - * “ 
~~ “a Fee x. Py i 
Fibrous capsule on outside of sebaceous cyst: b, secretory polyhedral cells without 
intercellular bridges. 











Fig. 3 a, 


partly visible. The lumen contains keratin and cellular debris. Not all sections 
of the wall present a typical squamous appearance. Some areas are flattened. 
as if by pressure, and the thickness varies. The epithelium may be reduced to 
a thin layer 2 to 3 cells in depth, or it may be completely missing. In such eases 
there may be small irregular clumps of epithelial cells supported by an increased 
amount of loose fibrous tissue. Some cysts show foreign body giant cells and 
cellular reaction with lymphocytes predominating. In comparison, the micro 


scopic characteristics of sebaceous eysts are briefly: a definite fibrous capsule 
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absence of distinct layers, absence of intercellular bridges, and an inner layer 
of active secretory polyhedral cells with no flattening or cornification (Fig. 3). 

Traumatie epithelial cysts are most easily confused with sebaceous eysts, 
but they appear on areas devoid of sebaceous glands or hair follicles. The 
contents are similar in gross appearance, but the epidermoid cyst does not have 
the intense ‘‘sour’’ odor often associated with sebaceous material. A rapid 
differential may be made by smearing the moist contents aided by methylene 
blue stain. Under the microscope epithelial cells, cellular debris, and keratin 
are seen, in contrast with the amorphous contents of a sebaceous cyst or wen. 
Fibromas are solid and often more deeply situated and firmly anchored. 
Ganglions and synovial lesions communicate with underlying struetures and 
contain thick, glairy fluid. Lipomas and xanthomas are usually easily recog 
nized. Dermoids, articular nodes, and the adenoid epithelioma group of tumors 
are mentioned only to be ruled out. 

These traumatic eysts rarely become malignant and seldom become in 
fected. Sinee they are usually readily dissectable, treatment is complete ex- 
cision under local or general anesthesia. If incompletely removed, they tend to 
recur. An epithelial e¢yst on the pulp of the thumb or finger may erode into 
the phalanx. 

Two cases that show interesting complications that may develop 
traumatie epithelial cysts are cited. 


from 


A. G., a 43-year-old male, was admitted to the hospital January 20, 1957, complaining 


of a painful swollen sole of his left foot of a year’s duration. He said he developed a 


callus over the transverse arch about fifteen vears ago, but it gave him no trouble until a 
year ago, when it grew larger and harder, and he received treatment from a chiropodist. 


Ten months ago he was given radium treatment at Worcester City Hospital, and following 


iat, cauterization of a sinus tract that broke down and discharged puslike material. Six 
months ago the patient was sent to another hospital. Examination at that time revealed 
in area 2 by 4 em. of extensive keratosis on the left sole over the metatarsus of the second 
to the fourth toe. The area was tender and surrounded by a small inflammatory zone, but 
showed no oozing. The patient was given two x-ray treatments and the lesion then excised. 
It healed with a thick keratotic scar that was somewhat painful. Pathologie report was 
yperkeratosis. He was discharged and follow-up treatment was at our Outpatient Depart 


ment. A few weeks ago there appeared several small elevations about a central depressed 


rea. On pressure there exuded puslike material that proved microscopically to consist 
irgely of desquamated epithelial cells, but no organisms could be found. On admission 
to the hospital the lesion was radically excised, two toes being sacrificed for skin flaps. The 


vound healed slowly and the sinuses again became manifest. X-ray showed no evidence of 


Consequently, on the sixty-first day a partial amputation of the foot through 
e metatarsus was performed. 


me infection. 


The drain was removed on the third day, and the wound 
ealed by primary union except for a cicatrix in the drainage area. The patient was dis 
arged on the thirty-fourth postoperative day after commencing weight bearing on the foot. 

The pathologic report was as follows: Microscopic sections show irregular sinus tracts 
mtaining cellular debris and dense masses of keratin. They are lined with stratified 
juamous epithelium that shows pearl formation but no evidence of malignancy. In the 
beutaneous tissue there is polymorphonuclear and plasma cell reaction with areas of necro 


A few foreign body giant cells are present. 
Diagnosis: Epidermoid cyst with acute inflammation. The patient made a good re 


very, and at the present time he gets around well with a specially made shoe. There has 
en no recurrence of the lesion. 
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P. L., a 41-year-old male felt worker, was admitted to the accident floor on January 
5, 1935, complaining of a tumorlike swelling of his right thumb. While at work three 
months before, he picked up a wooden sliver under the nail, which he removed himself. 
Six weeks later the thumb became swollen and slightly tender. Hot soaks were applied, 
and later a considerable amount of ‘‘ pulpy’’ material was expressed from under the nail. 
One month later a tumorlike swelling was noticed that continued to increase in size until 
he was referred to the hospital by his doctor. Examination revealed a firm, rounded enlarge 
ment at the end of the thumb, partly under cover of the nail. X-ray showed a clear-cut, 
crescent-shaped erosion of the tip of the terminal phalanx. Under local anesthesia an in 
cision was made parallel to the nail, and the soft tissue deflected to expose a cavity filled 
with dry caseous material. A small sac was excised that grossly resembled a sebaceous cyst. 
The area was cauterized with carbolie acid, followed with aleohol, and a vaseline gauze 
pack and sterile dressing were applied. Microscopic sections showed squamous epithelium, 
with excessive keratinization and round-cell reaction. 

Diagnosis: Epidermoid eyst. 

On May 11, 1935, the patient was admitted to the hospital a second time. The lesion 
failed to heal completely, although the patient was back at work for a time. The tumor 
like growth returned and four months later another operation was made on the thumb, The 
nail was removed and a cystic mass excised. The bone was well curetted and the ares 
carbolized. The patient made an uneventful recovery. Pathologic diagnosis was the same 
as previously. This case also illustrates the industrial compensation aspect of this lesion. 


The patient has had no recurrence to date. 


SUMMARY 


The importance of traumatic epithelial eysts, also known as epidermoid and 
implantation cysts, is indicated. 
The history and various theories of genesis are briefly reviewed. 
Differential diagnosis, especially for sebaceous cysts or wens, is attempted. 
Two cases are presented which give interesting complications that may arise 
from such eysts. 
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STUDIES IN THE ALIMENTARY CANAL OF MAN* 


X. A ROENTGENOGRAPHIC STUDY OF THE NorRMAL PYLORUS AND 
DUODENAL Cap 


J. M. Painrer, T. WINGATE Topp,t AND WILHELMINE KUENZEL 
(CLEVELAND, OHIO 


PLAN OF STUDY 


— there have been many experimental investigations upon the activ- 
itv of 


of the pylorus and though we are deeply indebted to Lewis Gregory 
Cole and others for much information upon the human pylorus and duodenal 
cap, it appeared to us, from our routine observations upon normal stomachs, 
that there are still many features of interest to be explored in a systematic 
study of the pylorus by serial roentgenography. 

We have not vet acquired a special apparatus, such as that so ingeniously 
contrived by Jarre,t who made studies at such small intervals of time as one 
second. Since our original studies were made, Giantureo and Alvarez? re- 
ported serial roentgenographie studies which they made at the rate of four 
to six per second and Groedel and Franke* made similar studies at sixteen per 
second. Barelay' and van de Maele!’ developed and perfected still further 
this direct method of recording movements in actual roentgenographie series. 
Reynolds® described an indirect method of recording movement which consists 
of photographing, with an ordinary cinematographic 16 mm. camera, the 
image of the fluorescent sereen. Our method, however, enables us to study 
pyloric action over longer periods of time than any of the above methods. 
While it is true that any investigation which is discontinuous is open to ob- 
jection, we feel that the defects may be theoretical rather than practical, for 
the mechanism of the pylorus and cap is comparatively slow in action. Our 
serial roentgenograms were formerly taken at intervals of twenty seconds. 
This proved unacceptable inasmuch as the rhythm of action may be, though 
t is not always, of shorter duration than twenty seconds. We, therefore, re- 
luced our intervals to ten seconds and found that, although we do now and 
vain miss a systole of the cap or a pyloric flutter, these omissions ean be 
letected as a rule and discounted. 

Naturally the period over which observations can be carried on varies in 
verse proportion to the interval between roentgenographic exposures. Our 
wenty-second interval studies extend over a period of approximately twenty 
\inutes, whereas our ten-second studies last only about ten minutes since we 


*From the Laboratory of Anatomy, Western Reserve University, Cleveland. 
Received for publication, June 12, 1939. 
+Deceased December 28. 1938. 
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limit ourselves to between 70 and 80 exposures in order to keep well within 
the x-ray skin dosage. The results, as we shall present here, amply justify 
our effort. 

The fundamental features of gastric behavior patterns have already been 
described in various publications by Todd and Kuenzel,** ™ and sum- 
marized in the Beaumont Lectures for 1930.'' From these writings it is clear 
that gastric behavior can be very definitely influenced by the type of stimulus 
employed. There is no difficulty in distinguishing the responses to water, 
milk, buttermilk, soda, peppermint, heat or cold. In addition the gastric 
waves have been timed,!® and it was found that these diverse reagents elicit 
distinctive responses. The specific effect is transitory, lasting only until the 
reagent is flushed from the stomach by the flow of gastric juice, a matter 
usually requiring fifteen minutes. The effect takes time to materialize, and 
it is usually about three minutes after ingestion before the full specific reac- 
tion is attained. Cold is far more evanescent In its effect. A latent period of 
about a minute and a half occurs as with the fluid reagents and specific 
activity rapidly rises to a maximum, but the increased vigor of response be 
vins to fade away about five minutes from the moment of ingestion. After 
the stimulus of heat there is no latent period. Depth, speed, frequency, and 
vigor of the peristaltic waves are immediately greatly increased. This typical 
heat modification gradually subsides but, as with our 5-ounce test meals, it 
may be fifteen minutes before neutral or nonspecific gastric activity is restored 

Since the influences we studied are chemical and not physical in nature, it 
follows from the foregoing that the period three to fifteen minutes after inges- 
tion is that most suited to our purpose. This is practically covered in the 
ten-second interval exposure program. We commenced each study two min 
utes after the fluid was swallowed, so that, when the self-imposed limit of our 
observation was reached, the specifie effect was almost over. 

The investigations here recorded cover three phases, namely, opening and 
closure of the pylorus, systole and diastole of the duodenal cap, and passage 
of barium from the cap into the descending or second part of the duodenum. 
When we speak of evacuation, it is the last-mentioned movement to which we 
refer. The term ‘‘passage’’ in our roentgenoscopie studies means movement 
of contents through the pylorus, which results in filling of the duodenal cap. 
This we also see very clearly on the roentgenograms. While semisolid food 
is doubtless assisted upon its way by peristaltic action, there is ample evidence 
in the studies previously cited to demonstrate that fluid contents are flushed 
through the pylorus. 

When one of our standard fluid meals is administered, there is immediate 
continuous passage through pylorus and duodenum, lasting about thirty sec 
onds, after which it suddenly ceases. Apparently the resting stomach has at 
easily opened pylorus which is caught unawares and closes only after its 
mechanism becomes aroused. This takes about thirty seconds. Thereafte! 
passage occurs at intervals controlled by the pyloric rhythm and limited b; 
its closure. Enough contents pass to fill more or less the duodenal cap 
Systole of the cap itself brings about evacuation into the second or descendin: 


portion. 

















PAINTER ET AL.: STUDIES IN THE ALIMENTARY CANAL OF MAN 53835 

Full evacuation takes place down the duodenum, provided the pylorus is 
closed when the cap is in systole. If, however, the pylorus is open, systole 
projects some contents back through the pylorus, and this detracts from the 
amount of contents which enter the duodenum proper. 

With this preliminary statement in mind we can proceed to the discussion 
of our experimental series in detail. For this study of the normal pylorus and 
cap we have utilized six experiments (see Table 1), our roentgenographic 
series XII, XV, XVI, XVII, XVIII, XTX, each one of which is arranged as 
experiment and control so that actually there are twelve studies involved. 
The six students who served as subjects were thoroughly conversant with the 
problem and technique. <All had been engaged in the conduct of similar ex- 
periments. They were sophomores with a year’s experience of roentgeno- 
graphic study. <All experiments were made during the morning in late 
October or early November, 1929, except series XI], which was made during 
the morning in July of the same vear. Detailed notes were recorded at the 
time of the experiment ; this study covers a careful examination of these notes, 


together with an analysis of the serial roentgenograms made at each date. 


TABLE I 
ROENTGENOGRAPHIC SERIES INCLUDED IN STUDY 
riMt 
CON 
SUBJECT INTER TROI EXPERIMENT TIME 
VAL tas 
Series XII (see Fig. He 20 see, Milk Milk in balloon 10:00 A.M., July 1 
9) 20 sec, 10:23 a.M., July 2 
Series XV_ (see Fig. S 10 see. Milk Soda 10:05 A.m., Oct. 31 
7) 10 see. 10:05 a.M., Nov. 1 
Series XVI (see Fig. r | 10 see. Milk Peppermint 10:30 A.M., Oct. 3] 
8) | 10 see, 10:30 Aa.M., Nov. 1 
Series XVII (see Fig. M 10 see. | Milk suttermilk 11:20 a.mM., Oct. 31 
5 10 see. 12:20 Pp.m., Oct. 31 
Series XVIII (see G 10 see. Milk ‘“Neutral’’ pat 11:05 a.m., Nov. 1 
Fig. 6) 10 see. tern 12:05 P.M., Nov. 1 
Series XIX (see Fig. Hi 10 see. Water |Amyl nitrite 11:43 a.M., Nov. 1 
10) 10 see. 11:51 a.m., Nov. 1 


The subject ate his usual breakfast but refrained from all food thereafter, 
rank no water between breakfast and the control study, and did not smoke, 
rink, or chew in the interval between this and the time of the actual experi- 
ient an hour later. At least two hours, and not more than three, were al- 
wed to elapse between breakfast and the study whether control or experi- 
ent. This, as our experience proves, insures an empty stomach when the 
vestigation begins. Swathed only in a sheet the subject was bound lightly 
) the vertical roentgenographic stand so that his position would remain sta- 
onary throughout the study. In all studies except XII, roentgenograms 
ere made at ten-second intervals; in series XII they were made at twenty- 
‘ond intervals. First the control observations were made comprising 40 
‘posures or more, according to the plan devised for each study after our 
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small standard meal was administered. This meal consisted of 4 ounces of 
vehicle and one ounce of barium sulfate. In the control the vehicle was 
either milk or water, as dictated by the conditions of the experiment. 

In series XVII and XVIII the actual experiment was begun an hour after 
the control series, for it is our experience that this small standard meal is all 
eliminated through the pylorus after an hour’s time. In series XII, XV, and 
XVI the actual experiment was begun on the morning following the control 
experiment at the same time of the morning and under the same conditions. 
In the actual experiment the subject again took his place as before at the 
vertical roentgenographie stand and again roentgenograms were made every 
ten seconds. This time a small standard meal was given, but the vehicle con- 
sisted of buttermilk, soda solution, or peppermint, as later described. In the 
remaining three experiments the second or experimental part of the study 
was modified, for one study was made of the neutral waves or hunger contrac- 
tions, one of the effect of amy] nitrite on gastric activity, and one of the effect 
of a balloon in the stomach. Each experiment had been carried out pre- 
viously upon the same subject for practice, and the conditions of each experi- 
ment were dictated by the experience gained from a study of 10 or more other 
subjects in an identical experiment. 


MECHANISM OF EVACUATION 


We find in all our gastrointestinal studies that pyloric rhythm seems in- 
dependent of gastrie peristalsis. Evidence for this has previously been pre- 
sented™ and it is only necessary, at this point, to recall the conclusion. A par- 
ticularly strong peristaltic wave may momentarily force the closed pylorus, 
though this is not a frequent occurrence. 

The primary cause of evacuation is cap systole. With an open pylorus, 
such as is found immediately after swallowing a meal on an empty stomach, 
the fluid will pour through pylorus and cap in a continuous stream in the 
absence of cap systole. Again, a vigorous gastric peristaltic wave may force 
the closed pylorus and momentarily project contents through the duodenum 
whatever the phase of the cap rhythm. As a rule, cap systole is accompanied 
by a closed pylorus. This systole results in full evacuation. Should the 
pylorus not close before cap systole takes place, there is but partial evacua- 
tion, for some of the cap contents return to the pyloric vestibule through the 
open pylorus. 

If passage takes place through the pylorus either because it is open or 
because it is forced by a strong peristaltic wave and the cap happens to be 
in systole, an extrasystole is superimposed which results in further evacuation 
This extrasystole, like the regular systole, appears to be a reflex induced b) 
relative distention. 

For the further elucidation of these behavior patterns we have introduce: 
Figs. 1, 2, 3, and 4, which illustrate typical phases of the action. All have bee: 
taken from the series comprised in our control study for the effect of am) 
nitrite, in which series the stomach contains a standard water meal. In Fig 
1 the pylorus is open, the cap is in diastole and is filling. In Fig. 2 the pyloru 
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Fig. 1.—Passage through open pylorus into cap in diastolic phase. Water meal. Note the 
peristaltic contractions in the second part of duodenum. (Series XIX, Hi. No. 23.) 





Mig. 2.—Systole of duodenal cap. Water meal. Pylorus closed. Contents passing into distended 
second part of duodenum. (Series XIX, Hi. No. 26.) 
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Fig. 3.—Forcing of a closed pylorus by a particularly powerful wave of gastric peristalsis. 
Water meal. Duodenal cap in systolic phase. (Series XIX, Hi. No. 16.) 





Fig. 4.-—Partial evacuation of duodenal cap. Water meal. In a mistiming of cap and 
systole occurs in presence of an open pylorus. Some contents are forced 


pyloric rhythms 
(Series 


back into the stomach and this reduces the amount of evacuation along the duodenum, 
XIX, Hi. No. 19.) 


is closed and evacuation is taking place into the second part of the duodenum. 
Fig. 3 shows the forcing of a closed pylorus by an unusually forceful wave of 
gastric peristalsis, with passage of contents into a cap already in systole. Fig. 
4 illustrates the partial evacuation resulting from systole in the presence of an 
open pylorus. Contents are passing back into the stomach as well as down the 


duodenum. 
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FLUID HEIGHT 

The amount of passage and evacuation can be directly checked by observ- 
ing the fall in the upper level of the column of barium contents in the stomach. 
We have satisfied ourselves of the essential accuracy of this observation by 
checking the sinking level in a stomach under normal circumstances and again 
when the barium contents are enclosed in a balloon (see Fig. 9). In the latter 
experiment no passage can, of course, occur, and the column level remains 
constant. 

In the graphs an oscillating curve showing fluid height registers the fall in 
level of barium-containing stomach contents during the period of study. The 
necessary information is obtained by reading on the roentgenograms the pro- 
jected distance, parallel with the axis of the vertebral column, between the 
lowest point on greater curvature of pyloric vestibule and the highest level of 
the barium-containing fluid in the stomach. The upper delimitation does not 
necessarily mean the lower border of the Magenblase. In series XVIII, for 
example (see Fig. 6), the neutral condition of the stomach was investigated 
an hour after the swallowing of the meal; consequently the fluid level was very 
low indeed. In series XII (see Fig. 9) the fluid level could not fall since the 
barium-containing milk was enclosed in a balloon. In series XV and XVI, 
studies of the effect of eastric regulators (see Figs. 7 and &), the level remained 
the same in spite of a continuously patent pylorus and duodenal evacuation. — It 
is difficult to understand how this can happen. Our hypothesis is a profuse 
vastric secretion which mingles with and replaces the barium vehicle in an 
active stomach, resulting in a relatively slow passage of the barium salt. In 
the other studies, where the fluid level falls, we infer that the gastric secretion 


does not mingle but forms a layer above the barium-containing contents, 


RESPONSE TO MILK 

Our series XVILT was designed to demonstrate the difference in response to 
milk and buttermilk. The subject M. was chosen especially because of his 
equanimity in previous examinations. The first roentgenogram was taken 
xactly two minutes after swallowing the meal. By that time the regular 
pyloric rhythm was established (see Fig. 5). Our records do not show ab- 
olute uniformity, of course, since they are discontinuous; nor is it necessary 
0 postulate formalism in any way. The pylorus opened for approximately 
enty-five seconds and closed for approximately forty seconds during the 

‘riod of study which lasted seven minutes and forty seconds. 

It is only natural to expect that systole of the duodenal cap should coin- 
de with a closed pylorus, and diastole with an open pylorus. In general, 
is actually happens, but at first there is a little mistiming of the phenomena. 
ie average cap diastole is forty seconds and the average systole is also forty 
‘onds. Examination of Fig. 5 demonstrates the faulty timing of cap systole 
th pyloric closure. Six minutes after the meal was swallowed, however, the 
ling became perfect. 

Evacuation may be either full or partial and is, as a rule, not nearly so 
mplex in its relationship to the other two phenomena as it is in this par- 
ular study. The complication is here caused by mistiming the rhythms in 
» and pylorus. We have already discussed the mechanism of evacuation. 
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Elucidation of the record is, therefore, simple, though it may be tedious. 
When the first roentgenogram was taken the pyloric complex was confused, 
probably due to a subconscious disturbance of nervous origin. It is a condi- 
tion which we have come to expect during the first minutes after the com- 
mencement of a roentgenographic study. Three minutes after the meal was 


swallowed the several rhythms began to adjust themselves. Opening of the 
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Fig. 5.—Graph of findings in series XVII, M., milk-buttermilk responses. Consult Table I and 
text for details of experiment. 
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Fig. 6.—Graph of findings in series XVIII, G., milk-neutral responses. Consult Table I an¢ 
text for details of experiment. 


pylorus, with consequent filling of the cap, is followed by cap systole an 
evacuation. At the end of four minutes the pylorus is again open and systol 
and evacuation follow. The confusion continues, however, until betwee! 
seven and eight minutes after the meal is taken. The evacuation shown a 
this time is partly due to the course of contents through an open pylorus an: 
a diastolic cap and partly due to cap systole in the presence of a close 
pylorus. At the end of eight minutes and forty seconds, when the stud) 
ceased, the rhythms were in act of establishing their coordination. 
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Whereas on the average the pylorus is closed for forty seconds and open 
for twenty-five, cap systole and diastole each occupy approximately forty 
seconds during this fragmentary study and evacuation follows suit. 

Waves of gastric peristalsis still retain their neutral rhythm for a while 
after the milk is swallowed, but in five minutes the slow milk rhythm is estab- 
lished. Waves follow each other along the stomach at an average interval of 
forty-four seconds. 

Series XVIII, another milk study (Fig. 6), differs from the foregoing in 
that the first roentgenographic exposure was made just before the meal was 
swallowed. The pylorus is caught closed which is rather unusual. Within 
ten seconds from the moment of swallowing, the meal is altogether in the 
stomach. A momentary opening of the pylorus, accompanied by cap systole, 
occurs thirty seconds after ingestion. If there was an evacuation at this 
point, we missed it. A second opening of the pylorus occurs eighty seconds 
after swallowing. This is followed, twenty seconds later, by systole and 
evacuation. Very little contents passed the pylorus and, in spite of a systole 
of half a minute duration, the evacuation lasted but a few seconds. Another 
systole two minutes and forty seconds after swallowing resulted in no obvious 
evacuation because the pylorus remained closed. During the entire eight 
minutes and thirty seconds of observation, the rhythms of pylorus and cap 
never established themselves in regular synchronization, and evacuation re- 
mained erratic. The gastric waves were fairly regular throughout the period 
and reached the pylorus at intervals of twenty to twenty-five seconds. 

The rhythms of the pyloric complex, so far as we observed them, ap- 
proximated the following on an average. The pyloric rhythm is fairly regu- 
lar, open for thirty seconds and closed for forty. 

The cap rhythm in this study practically synchronizes with the pyloric 
rhythm at the end of four minutes, previous to which the cap rhythm was a 
little more rapid. Consequently it does not result in demonstrated evacua- 
tion. Cap systole lasts twenty seconds and diastole twenty-five to thirty-five 
seconds. The occurrence of extrasystoles reduces the average intervals. 

Evacuation is apparent after four minutes, when cap and pyloric rhythms 
become adjusted. Each evacuation lasts about thirty seconds, and there are 
ntervals of forty seconds. Evacuation in this study occurs with cap systole, 
1” when opening of the pylorus causes contents to be pushed through a full 
ap. If both causes operate together, the evacuation is unusually voluminous. 

Examination of pylorus-cap-passage relationships in our third milk study 

series XV, Fig. 7) was hampered by the presence of a mucous plug until five 
inutes after ingestion. This mucous plug is one of the troublesome phe- 
omena of nervousness." It occurred in sophomores during the anxiety com- 
‘ex but was never present in freshmen suffering from the distress or fear 
mplex. In subject S. the plug completely blocked the pyloric canal and 
stal vestibule so that the fluid column, though fluctuating, never fell until 
e plug was dislodged when the first evacuation took place and the rhythms 
‘pylorus and cap began to adjust themselves to each other. No gastric peri- 
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staltic waves reached the pylorus until this dislodgment occurred. The aver- 
age interval between gastric waves, apart from this initial period of obstruc- 
tion, was thirty-one seconds. 

After the first five minutes the pylorus opened for an average period of 
thirty seconds, with intervals of closure averaging twenty seconds. 

Cap systole and diastole both extend over thirty seconds, Usually cap 
systole coincides with a closed pylorus, but if the open phase is long or the 
cap very full, an extrasystole occurs. 


Evacuation lasts thirty seconds and occurs at intervals of thirty seconds. 
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Fig. 7 Graph of findings in series XV, milk-soda responses. Consult Table I and text for 
details of experiment. 

We made an examination of two more milk studies but were entirely 
baffled in each series by a mucous plug which did not dislodge during the 
entire period of observation, lasting almost nine minutes in series XVI (Fig. 8 
and thirteen in series XII (Fig. 9). In spite of this the level of the fluid column 
in the stomach fell as usual so that passage of fluid from the vestibule occurred, 
though we did not see it. 

In summary, then, our five milk studies teach us that milk is not a ver) 
satisfactory vehicle for analysis of the pyloric complex. It has no strongly 
determining influence upon the several phenomena which as a_ result show 
marked interference, probably partly of emotional origin. The resultant con 
fusion of rhythms does yield its explanation to intensive study, but the severa 
features are more clearly understood after the far simpler results of the gastri: 
regulators soda and peppermint have been examined. 

Eliminating the discrepancies and allowing for interferences of all types 
we can safely state that, in the milk pattern, the rhythms of pylorus, cap, an 
evacuation are strictly harmonious, and that the rhythm is based on units « 
thirty seconds. This means that pylorus is open for thirty seconds and close 
for thirty seconds; that the cap undergoes thirty seconds of systole, followe: 
by thirty seconds of diastole; and that an evacuation, lasting thirty second 
is succeeded by a pause of thirty seconds once the adjustment of rhythm 


established. Gastric peristalsis is also slower after a milk meal than we sha 
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find it in neutral phase or after soda or peppermint. Consequently milk slows 
all rhythms and reduces peristaltic vigor, though it does not delay gastric 


elimination. 


EFFECT OF GASTRIC REGULATORS: SODA AND PEPPERMINT 


Although there are differences in response, the gastric activity induced 
by the two regulators, soda and peppermint, conforms to a single general 
plan. Usually not more than two waves are present, visible on both curva- 
tures, extraordinarily slow, deep, steady, regular in rhythm, and so forceful 
that they appear to nip the shadow almost in two. The stomach shadow in- 
deed often momentarily takes on a trefoil outline. Series XV_ (see Fig. 7) 


was designed to record the effeet of soda in comparison with that of milk. 


g. & Graph of findings in series XV, milk-peppermint responses. Consult Table I and 
text for details of experiment, 


The experimental meal consisted of 4 ounces of water, 1 ounce of barium 
sulfate, to which was added 30 grains of sodium bicarbonate. Series XVI 
see Fig. 8) was designed to record the effect of peppermint in comparison 
with that of milk, and the meal consisted of the usual 5 ounces water meal as 
above, with the addition of 10 minims of spiritus menthae piperitae. The 
ost unexpected result of administration of both soda and peppermint was 
he steady maintenance of a patent pylorus. Whereas the pylorus was 
osed when first observed two minutes after swallowing the soda meal, it 
pened thirty seconds later and thereafter remained patent. Even at two 
inutes after the swallowing of the peppermint meal the pylorus was open, 
d throughout the six minutes and thirty seconds of observation it never 
vw closed. 

The elimination of pyloric rhythm was most valuable in our investigation 
ce it left us free to note the relationship of evacuation of cap to the cap 
vthm, unhampered by the influence of pyloric opening and closure. There 
is an evacuation (see Fig. 7) immediately upon the opening of the pylorus 
ter two minutes and thirty seconds. The duodenal cap systole, which oe- 
‘red at three minutes and ten seconds, produced no registered evacuation, 

thereafter, in the presence of a continuously patent pylorus, each cap 
tole was accompanied by a cap evacuation. Systole lasted on the average 
enty seconds, and the period of diastole was thirty seconds. Evacuation, 


| vever, occupied only a few seconds. During the first six minutes after 
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swallowing the meal, the waves of gastric peristalsis reached the pylorus 
about thirty seconds apart, whereas after six minutes they followed each 
other at intervals of twenty seconds. In comparison with milk the filling of 
the cap does not modify its rhythm. Diastole takes thirty seconds in both 
studies. Soda, therefore, does not modify the cap rhythm. Later it will be 
shown that peppermint does. 

Another marked feature of the response to soda was the clarification of 
peristalsis in the second part of the duodenum. It was one of our aims to 
investigate the relationship of gastric and duodenal peristalsis, but we never 
hoped to find so simple and obvious a demonstration of the duodenal waves. 
They are recorded in Fig. 7 until between six and seven minutes after the 
meal was swallowed. Beyond this point the record becomes indeterminate. 
They are not synchronous with cap systole or with cap evacuation, and they 
bear no relationship to the gastric waves which apparently stop at the pylorus. 
In our fluoroscopic examinations we often see duodenal peristalsis, especially 
after administration of a buttermilk meal. The passage of barium sulfate is 
characteristically aboral in direction, but sometimes a regurgitant column 
leaps up toward or into the duodenal cap. Somewhat more frequently there 
is just an oscillation of barium-containing fluid in the second part of the 
duodenum. These little streams of ‘‘prancing particles’’ are very striking 
during the few seconds of their existence. 

The average frequency of duodenal peristalsis is one wave every thirty- 
five seconds; it is, therefore, a little slower than the gastric peristalsis. 

After a peppermint meal (see Fig. 8) the pylorus is continuously open as 
after soda, and once again cap evacuation follows cap systole. The fre- 
quency of the cap rhythm is hastened by peppermint more than by soda, for, 
whereas, after the latter, diastole still lasts thirty seconds as in our milk 
studies, peppermint speeds up diastole so that it now continues for only 
twenty seconds. Both soda and peppermint result in a systole of twenty 
seconds’ duration which is probably a little shorter than that of milk. 

In conclusion of our observations on gastric regulators we should point 
out that the evidence gives us the following information : 

Both soda and peppermint in therapeutic doses stimulate gastric activit) 
so that motility is increased and rendered more forceful. There is probabl) 
increased secretion which, in consequence of the greater motility, mixes with 
the barium sulfate and dilutes rather than drives before it the barium vehicle 
This action is, therefore, in contrast to that seen after a milk meal. 

Both soda and peppermint open the pylorus and keep it open so that th: 
direct relation of cap systole and evacuation may be readily studied. Bot! 
have a speeding-up influence upon the cap rhythm, although this is more 
marked after peppermint than after soda. No distinct shortening of the 
diastolic phase is demonstrated after soda, although the systolic phase is 
definitely shortened. After peppermint both systole and diastole are shor'- 
ened. Later it will be found that these gastric regulators tend to restore 
neutral rhythms in frequency of gastrie peristalsis and in duodenal cap. 

Both reagents render duodenal peristalsis clearly visible, and peppermi: 


again is more effective than soda. 
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Empirical combination of these two for therapeutic purposes is thus given 


its validation upon scientific grounds. 
BUTTERMILK PATTERN 


After administration of a buttermilk meal the fall in fluid level is slower 
than after milk, but previous investigations™ have indicated that buttermilk 
induces a more profuse gastric secretion. The vigorous motility brings about 
a thorough mixing of secretion with the gastric contents and so spreads the 
expulsion of barium sulfate over a relatively greater mass of fluid. Actually 
it has been found that barium sulfate is finally eliminated from the stomach 
in about equal time both after milk and after buttermilk. The true interpre- 
tation of these apparently contradictory phenomena is doubtless to be sought 
in the dilution of the barium sulfate suspension by gastric secretion, owing 
to the greater activity of the stomach after buttermilk. On the other hand, 
following a milk meal, we think the diminished activity fails to bring about a 
thorough mixture. The gastric secretion lies on top of the barium vehicle 
and so flushes it through the pylorus with a speed which approximates the 
loss of barium sulfate to that seen after buttermilk. Five minutes after 
administration of a milk meal gastric waves become less frequent, but butter- 
milk waves continue with an unchanged rhythm. 

Fig. 5 shows that buttermilk, like milk, fails to establish synchronism in 
the rhythm of cap and pylorus during the period of observation ending ap- 
proximately nine minutes after the meal. Its action is far less powerful than 
that of the regulators. The pylorus is not held open, though its rhythm is 
slowed down. In the record the average periods of opening and closing each 
last forty-five to fifty seconds. 

The same slowing effect is seen upon the cap rhythm and evacuation, 
though this effect develops a little more slowly than the change in pyloric 
rhythm. Cap diastole in this study averages forty seconds and cap systole 
thirty seconds. With the longer diastolic phase, the cap grows larger than 
after milk before systole occurs. Evacuations lasting about forty seconds 
alternate with pauses of about thirty seconds. The comparatively long period 
of evacuation seems to be due to prolongation of the open phase in the pyloric 

hythm. Even if cap diastole occurs during this open phase, evacuation is 
not stopped, although it is, of course, diminished. 

Buttermilk renders duodenal peristalsis visible in our fluoroscopic exami- 
nations, but we were not fortunate enough to define its occurrence in this 

irticular study. 

In conclusion, buttermilk has a stimulating effect upon gastrie activity 
th seeretory and muscular. It slows and regularizes gastric and duodenal 
ythms. It has not so powerful an action as the gastric regulators soda and 
ppermint and its effect is different. Pyloric rhythm, which is influenced 
fore cap rhythm, is slowed but never eliminated. Cap rhythm and evacua- 
n are also affected, diastole and evacuation being piainly lengthened. Duo- 
nal peristalsis, though visible on the fluoroscope, is not so clearly delimited 

the roentgenograms as it is after soda or peppermint. 
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NEUTRAL BEHAVIOR 


An hour after administration of one of our small standard meals there is 
often still some barium sulfate in the stomach, but the vehicle is completely 
flushed away. It is not necessary to recapitulate here the evidence upon which 
this conclusion is based, for the subject has been fully discussed in previous 
work." 

Series XVIII (see Fig. 6) was designed purposely to compare the pyloric 
and duodenal behavior after a milk meal with that during the neutral phase. 
The observations at the experimental session, made an hour after administra- 
tion of control milk meal, lasted five minutes and were sufficient to establish 
the differences between the two patterns. The presence of a little barium 
sulfate clinging to the gastric mucosa delineated for us the behavior of pylorus 
and duodenal cap. Gastric secretion is certainly continuing, though at a min- 
imum rate, and there may possibly be a rhythm in this, since our length, width, 
and area determinations upon the roentgenograms of this series remain con- 
stant while the record of fluid height indicates a five-minute cycle. The waves 
are a little more frequent than after milk and reach the pylorus at intervals 
of approximately twenty seconds instead of the twenty-five second interval 
after milk. 

The pyloric rhythm, as in all our studies, is independent of gastrie peri- 
stalsis, less frequent and irregular. The same characteristics are displayed 
by the cap rhythm. During the five minute period of observation the two 
rhythms do not synchronize and they, therefore, produce a confused evacua- 
tion. Nevertheless, careful study of our results indicates that the rhythms 
of both pylorus and cap are essentially in twenty-second phases and that 
evacuation is a result of systole rather than of an open pylorus. Evacuation 
is necessarily of short duration since the cap does not fill in diastole. Pyloric 
opening and closure both last approximately twenty seconds, and this interval 
is equally characteristic of cap diastole and cap systole. 

In summary, the neutral or resting phase of the stomach is characterized 
by the following features: Gastric secretion is moderate in amount and pos 
sibly rhythmic in its volume. Waves of peristalsis (hunger contractions) pass 
over the stomach and reach the pylorus at intervals of approximately twent) 
seconds. Opening and closure of the pylorus each occupies about twenty sec 
onds, but this rhythm, which is somewhat irregular, does not synehronize wit! 
the rhythm of gastric peristalsis which is very regular in frequency. The cap 
rhythm also alternates between diastole and systole, each lasting about twent 
seconds but, during the period of observation, does not adjust itself to the 
pylorie rhythm. Since the cap does not fill in diastole, evacuation is of short 
duration and small. 

WATER PATTERN 

Series XIX was undertaken to demonstrate the influence of a water mei! 
and the effect induced by inhalation of amyl nitrite upon this response. |n 
previous work undertaken upon the effect of water, it has been noted thit 
water modifies the neutral pattern very little, and that its effect is of very 
short duration." The profuse secretion of gastrie juice appears to flush water 
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from the stomach with extraordinary rapidity. We are, therefore, in the 
habit of commencing our gastrointestinal examinations with a half ounce 
‘‘meal’’ of water in which 5 Gm. of barium sulfate are shaken up. This we 
call an ‘‘outliner’’ inasmuch as some barium sulfate is left clinging to the 
gastric mucosa after the restoration of the neutral pattern, which occurs about 
five minutes after the ‘‘outliner’’ is administered. It was essential that we 
investigate further the pyloric behavior, for its rhythm was so shortened on 
roentgenoscopic examination that we began to wonder if genuine closure ever 
really took place. Even after a regular small standard meal of 4 ounces of 
water with 1 ounce of barium sulfate the neutral pattern is restored in about 
ten minutes. Since this does not happen till about twenty minutes after ad- 
ministration of any one of our other standard meals to which reference has 
been made above, the distinction in water effect is very striking. 

In series XLX (Hi, Fig. 10) we administered the standard water meal and 
commenced the serial roentgenography two minutes later. Immediately after 
the thirtieth roentgenogram had been made, namely, seven minutes after swal- 
lowing the meal, a capsule of amyl nitrite was broken in a towel and given to 
Hi who took three deep inhalations after the thirtieth, the thirty-first, and 
the thirty-second roentgenograms. Serial roentgenography continued without 
interruption until the expiration of twelve minutes after the meal was swal- 
lowed. At the moment we are concerned with what happened between two 
and seven minutes after administration of the water. 

Pylorie, cap, and evacuation rhythms were irregular until four minutes 
after administration, though waves of gastric peristalsis established them- 
selves, regularly reaching the pylorus after three minutes. Waves follow each 
other, as in the neutral pattern, every twenty seconds. 

Once the pyloric and cap rhythms are established, namely, four minutes 
after administration of the meal, they synchronize so that systole accompanies 
a closed pylorus and diastole an open pylorus. On the average, the pylorus 
is closed and the cap in systole for twenty seconds, the pylorus open and the 
cap in diastole for twenty seconds. This is almost the neutral pattern. Evacu- 
ation is absolutely synchronous with systole. The activity of the alimentary 
tract of subject Hi is at all times very vigorous, and it was in this particular 
study that we were able to examine in detail the passage of barium sulfate 
through the duodenum and even into the jejunum. In duodenal peristalsis, 
as in pylorus and eap, the rhythm is very clear. A wave passes over the 
duodenum every twenty seconds. A further point worthy of note, before we 
examine the duodenal peristalsis more closely, is the very definite synehroni- 
vation of a fall in the fluid height with opening of the pylorus. The ensuing 
ise is probably due to readjustment of stomach walls and secretion of gastric 
uice. If there were any doubt about this relationship between fall in level 
vith opening of the pylorus, it would be entirely banished by the pause in 

ll activities, including fall of fluid height, following the administration of 
myl nitrite. 

The progress of peristaltic waves along the duodenum is so clear in this 
tudy that we are able to present a complete account of them. They are defi- 
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nitely initiated by cap systole and are visible throughout the duodenum and 
along the jejunum. If, however, immediately after its regular contraction 
started by systole of the cap, the second part of the duodenum fills again by 
regurgitation from below or gush from the pylorus or cap, a small extra wave 
may start in the second part of the duodenum itself. All waves continue into 
the jejunum but are naturally more clearly seen in certain areas, owing to the 
disposition of the bowel and the consequent arrangement of roentgenographic 
shadows. In this subject the waves occur at intervals of eighteen to twenty 
seconds and appear on the gut about 60 to 80 mm. apart. The extra wave set 
up in the second part of the duodenum usually lies between two originating 
in the cap. 

It is not so simple a matter to portray these features in illustrations. In 
Fig. 1 the cap is in diastole and the peristaltic wave has passed along the 
second part of the duodenum. On this roentgenogram contents can be seen 
pouring into the jejunum. In Fig. 2 the cap is in systole and the second part 
of the duodenum is filling preparatory to the passage of a wave. 

The water pattern, as just described, is far more transitory in nature than 
those of milk, buttermilk, soda, or peppermint. This is due to the extraordi- 
nary rapidity with which a profuse flow of gastric juice flushes the water from 
the stomach. 

The several rhythms of pylorus, cap, and evacuation are established four 
minutes after swallowing a 5 ounce standard water meal, although typical 
water waves of gastric peristalsis are evident one minute earlier. These are 
more forceful than neutral waves but of the same frequency. They follow each 
other to the pylorus at twenty-second intervals. The pyloric, cap, and evacu- 
ation rhythms are practically those of the neutral pattern, namely, twenty 
seconds, though it may be that opening of the pylorus and cap diastole last 
twenty-five rather than twenty seconds. The three rhythms, however, are far 
more regular and more closely adjusted to each other than in the neutral 
pattern, and evacuation invariably follows cap systole. 

The fall in height of the gastrie fluid level synchronizes with opening of 
the pylorus and is, therefore, more steplike than in our other studies. 

Duodenal peristalsis is very clearly seen after a water meal. It is initiated 
by cap systole and can be followed into the jejunum. Its rhythm is naturally 
based upon that of the cap. It is dependent also upon local tension which may 
be raised during cap diastole by a regurgitation from below or by a gush 
through an imperfectly synchronized pyloric opening. An extra wave of peri- 
stalsis may originate in the second part itself and progress between two 
regular waves of cap origin. Thus the rhythm of duodenal peristalsis is a 
little faster than that of the cap. 


EFFECT OF AMYL NITRITE 


So prompt and definite is the action of amyl nitrite that it is regularly 
used in our roentgenoscopie examination for demonstration purposes. Although, 
experimentally, Dr. Sollmann informs us he finds it equally effective upon 
stomach and small intestine, we invariably get a differential effect from thera- 


he a: 
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peutic doses used in our student clinic. The effect varies naturally with the 
dose. If the student is nervous, he takes a sniff instead of an inhalation. The 
sniff mechanism carries the charged air into the olfactory region of the nose 
only. Little or no amyl nitrite enters the system, and the experiment will be 
a failure. We, therefore, find it essential to explain to our students ahead of 
time the difference between a sniff and an inhalation and caution them that 
adequate inhalation is necessary for a successful experiment. With the three 
regular inhalations little or no effect is apparent on the small intestine, though 
all activity of the stomach ceases within ten seconds of the first inhalation and 
lasts between two and three minutes. 

In this particular study the pylorus happened to be open when the first 
inhalation occurred. Gastric peristalsis ceased immediately, and no further 
wave reached the pylorus until two minutes and twenty seconds after the first 
inhalation. The effect upon the pylorus is not quite so marked. There was a 
slight attempt at closure between second and third inhalations but this failed, 
and the next closure of the pylorus appears exactly two minutes after the 
first inhalation. Duodenal cap rhythm is not so strikingly affected as the 
pylorus. The systole which was present during the first inhalation gave place 
as usual to a diastole, and this in turn was followed by another systole after 
twenty seconds. This systole was but a minor one, and thereafter the cap 
remained in diastole for one full minute. So feeble, however, were both the 
cap systoles just mentioned that neither resulted in any observed evacuation. 
That they probably did result in the projection of some contents into the 
second part of the duodenum is evident by the occurrence of a lethargic peri- 
staltic wave of unusual character in the second part of the duodenum ninety 
seconds after the first inhalation, when the small intestine was evidently re- 
covering from its inhibition. In a previous roentgenoscopic study of this same 
subject, we observed jejunal and ileal peristalsis active throughout the pause 
in gastric activity. 

Quite a striking feature of Fig. 10 is the interruption of fall in fluid height 
level, which is apparent throughout the entire two minutes during which 
gastrie and pyloric rhythms were inhibited. 

Amy] nitrite then, therapeutically, has an inhibitory effect upon muscular 
activity, most marked in the stomach but progressively less vigorous on 
pylorus, duodenal cap, duodenum, and small intestine proper. As one would 
‘xpect, the inhibition results in an open pylorus, a cap diastole, and inhibition 
‘f gastric and duodenal peristalsis. In therapeutic doses we have rarely seen 
iny loss of tone in the stomach and never in the small bowel. Elimination of 
rastrie contents is stayed during the period of gastric inhibition. The effect 
hould last at least two minutes; we have never seen it prolonged beyond three. 
Vhen activity starts again, the pyloric, cap, and evacuation rhythms do not 

imediately return in full vigor and speed. These are attained only as the 
limination of the amyl nitrite proceeds. 


INFLUENCE OF A FOREIGN BODY 


In the serial roentgenographiec study of the response of the stomach to a 
reign body, we were not directly concerned with the behavior of pylorus and 
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cap, and indeed there is but little information in it which throws light on our 
present problem. Subject He (Fig. 9) had been utilized for the same experi- 
ment on many previous occasions. A small standard milk meal was admin- 
istered to him in the usual manner, but after even more careful preparation 
than usual. This precaution was not only useless but actually harmful, for 
it so thoroughly occupied his attention that subconsciously he became ex- 
tremely nervous, with the result that a mucous plug developed, so voluminous 
that even at the end of fourteen minutes after swallowing the meal, roent- 


venograms being taken every twenty seconds, the plug was not yet dislodged. 
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Fig. 9.—Graph of findings of series XII, milk-foreign body (balloon) response. Consult Table 
I and text for details of experiment. 
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Fig. 10.—Graph of findings in series XIX, water response and effect of amyl nitrite. Consult 


Table I and text for details of experiment. 


Although contents were passed through the pylorus and the fluid column fell 
in consequence, the faint puffs of milk passages around the plug do not dis- 
tinctly appear on the roentgenograms. No more can be stated than that the 
frequency of gastric peristalsis was one wave approximately every thirty 
seconds. 

At the same time on the following day an ordmary condom attached to 
a soft rubber catheter was swallowed. Ten minutes after it was swallowed 
small standard 5 ounce milk meal was poured into it through the catheter 
Since this fluid could not escape from the balloon, it is obvious that there 
could be no passage or sinking of the fluid level. Fig. 9 demonstrates in vivid 


contrast the fall in the fluid column after the milk meal and the stable upper 


level characteristic of the balloon experiment. 
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The balloon, however, stimulates marked gastric motility. A peristaltic 
waves passes along the stomach every twenty seconds. This is, of course, the 
neutral rhythm, but the waves are far more forceful than true neutral peri- 
stalsis. They catch and nip the balloon in their attempt to force it onto and 
through the pylorus. The gastric waves do not closely embrace the foreign 
body because there is, apparently, a profuse flow of gastric juice in an effort 
to flush away the balloon. These waves are deeper and more forcible than 
neutral or even water waves. They illustrate the highly unusual stomach 
behavior pattern induced by a foreign body composed of rubber. 

In conclusion, then, a foreign body introduced into the stomach does not 
alter neutral rhythm but greatly increases the forcefulness of the waves. The 
contrast between a stationary upper limit of the fluid column in the balloon 
and the sinking level in the milk control is worthy of close attention. 


SUMMARY 


1. An analysis is made of the roentgenographic records of six specifie sub- 
jects and their controls, devised to elucidate the normal responses of pylorus 
and duodenal cap to simple reagents. 

2. The reagents used are milk, buttermilk, soda, peppermint, water, amyl 
nitrite, and a balloon. 

3. Pylorie rhythm seems quite independent of gastric peristalsis but is 
closely coordinated with rhythm of the duodenal cap, although precise ad- 
justment is oftentimes lacking. An open pylorus and eap diastole go to- 
gether, and a closed pylorus and cap systole. With an open pylorus, passage 
takes place into the diastolic cap, but a particularly forceful peristaltic wave 
may force a closed pylorus and expel a little contents into the eap. 

4. Evacuation of contents through the duodenum is primarily due to cap 
systole, but fluid can and does pour through the duodenum in diastole of the 
cap, provided the pylorus is open. If cap systole occurs while the pylorus is 
open, some regurgitation takes place into the stomach and a partial evacuation 
along the duodenum replaces the more typical full evacuation. 

5. The second part of the duodenum, like the cap, is sensitive to tension 
and originates a peristaltic wave itself in the event of regurgitation from 
below or an extra gush from above. In the latter event, however, the extra- 
systole is more likely to start in the cap. 

6. The neutral or resting phase of the stomach presents a twenty-second 
livthm in all motor activities. Gastric and probably duodenal waves recur 
t intervals of twenty seconds. The pylorus closes, the cap systole oceurs, 
id the evacuation results, taking twenty seconds for their exhibition. Then 
‘low opening of pylorus, diastole of eap, and pause in evacuation, these again 
‘cupying twenty seconds. So far as we have evidence there seems to be a 
ve-minute rhythm in the gastrie secretion during the neutral phase. The 
istric peristalsis, characteristic of this condition of the stomach, is usually 
‘fined as hunger contractions. 

7. The effect of milk is to reduce the speed of all rhythms from twenty- 

thirty-seeond units or even longer. It also reduces motor activity so that 
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peristaltic waves are less vigorous or even disappear, to be replaced by a 
‘*shimmer’’ described in earlier work.’ The reduction of activity and of 
rhythmic speed does not result in any delay of elimination. Since the milk 
stimulus is not powerful enough to impose a specific and distinctive pattern 
on gastroduodenal behavior, there is considerable liability to mistiming of 
rhythms which complicates the behavior pattern and renders its interpretation 
difficult, except in the light of our other studies here recorded. 

8. Buttermilk, like milk, slows the rhythms of pylorus, cap, and evacua- 
tion. It is, however, far more powerful in action. The phases are now of 
approximately forty-five seconds’ duration instead of the neutral twenty- 
second phase or the milk thirty-second phase. In consequence of the more 
vigorous control there is somewhat less maladjustment of these three rhythms 
than after milk stimulation. Furthermore, buttermilk is a powerful stimulant 
to gastrie and intestinal peristalsis. The neutral peristaltic rhythm of twenty 
seconds is not changed, but the waves are considerably deepened and strength- 
ened so that the profuse gastric secretion is thoroughly mixed with the barium 
sulfate. 

9. Water has a far more transitory effect than the other reagents dis- 
cussed. Whereas fifteen to twenty minutes must elapse after administration 
of a standard 5 ounce meal of milk, buttermilk, soda, or peppermint before 
restoration of neutral rhythm occurs, ten minutes suffices for elimination of 
water and return to neutral pattern. The profuse gastric secretion apparently 
flushes out the water. The neutral frequency of gastric and pyloric waves, 
one every twenty seconds, is maintained, but the waves are much deeper than 
in the neutral stomach. The regular rhythm of these waves is established 
within three minutes after swallowing the meal, but pyloric, cap, and evacua- 
tion rhythms are not re-established until one minute later. When they return, 
these rhythms are indistinguishable from the neutral pattern; they retain the 
twenty-second phases, and there is very definite synchronization. Progress of 
waves along the duodenum can be very easily studied after a water meal. 
They are originated by a cap systole, though the second part of the duodenum 
is also sensitive to tension and may itself originate a wave of peristalsis be- 
tween two regular waves proceeding from systole of the cap. 

After a water meal we can record the synchronization of a fall in gastric 
fluid height with opening of the pylorus. 


10. The gastrie regulators, soda and peppermint, are very similar in their 
action. The waves of gastric peristalsis are extraordinarily powerful after 


both soda and peppermint. In presence of the latter they may be so vigorous 
as to give the stomach shadow an evanescent trefoil appearance. 

Soda and peppermint both maintain a continuously patent pylorus and 
neither interferes with the twenty-second rhythm of the waves of gastric peri 
stalsis after the initial period of adjustment which happens in administratio. 
of any meal.!! Cap and duodenal peristaltic rhythms are slowed down b; 
soda, so that diastole lasts about thirty seconds, systole about twenty, an: 
duodenal peristaltic waves follow each other at intervals of about thirty-fiv’ 


seconds. 


Deh aint dol ey ecto; 
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Peppermint acts in most respects like soda, but there is better synchroni- 
zation of the various rhythms since the neutral pattern is retained. 

11. Our study of the gastric response to the stimulus of a balloon is in- 
troduced here solely for the purpose of demonstrating the reliability of our 
roentgenographic records of the falling fluid height in the stomach. With the 
milk meal in the balloon there can be no mixture with gastric secretion and 
no elimination of barium sulfate from the stomach. The fluid height is a re- 
liable indicator of gastric activity. If elimination exceeds secretion, the fluid 
height falls. If secretion exceeds elimination, the fluid height does not rise, 
but the shadow width or leneth increases and the shadow area becomes greater. 

12. Amy! nitrite in therapeutic doses has a prompt and definite effect upon 
gastroduodenal motility for two to three minutes. Gastric peristalsis ceases 
immediately. The effect is somewhat less marked on pylorie rhythm. Duo- 
denal cap rhythm is also affeeted, but less than pyloric rhythm. Duodenal 
peristalsis is rendered lethargic or inhibited for a shorter period than cap 
rhythm. Jejunal peristalsis is rarely modified. A therapeutic dose is, there- 
fore, far less powerful than experimental evidence suggests, for then intestinal 
peristalsis is inhibited equally with the gastric waves. 

During the inhibitory phase there is no fall in gastric fluid height. Con- 
sequently elimination is stayed, but at the same time gastric tone is not reduced. 
CONCLUSIONS 

1. Serial roentgenograms at ten-second intervals provide a ready method 
of analyzing gastroduodenal behavior patterns, 

2. The typical neutral pattern of the stomach is expressed in a peristalsis 
of both stomach and duodenum wherein the waves follow each other at twenty- 
second intervals. The pylorus opens and closes every twenty seconds, and 
evacuation of gastric secretion recurs with every systole. 

3. The upper level of the fluid column in the stomach is a good guide to 
the activity. It falls if elimination exceeds secretion. If secretion exceeds 
elimination, gastric shadow area is increased through widening or elongation. 

4. Water causes profuse gastric secretion; after the initial disturbance all 
neutral rhythms are quickly re-established, and both gastric and duodenal 
peristaltic waves are deepened. 

5. Peppermint has a similar but far more forceful influence. It, however, 
naintains a patent pylorus. Pylorie rhythm is eliminated for a time. Other 
hythms remain those of the neutral pattern. 

6. Soda, like peppermint, greatly increases the vigor of gastroduodenal 
eristalsis and maintains an open pylorus. Duodenal diastole tends to be 

igthened and duodenal peristalsis tends to be slowed. Cap systole and gas- 
¢ peristalsis retain their neutral rhythms. 

7. Milk slows down all rhythms and greatly weakens peristalsis in both 

mach and duodenum. It does not, however, hamper gastric elimination, 
t the retardation of rhythms results in mistiming. 

8. Buttermilk still further slows dewn the rhythms of pylorus, cap, and 

icuation, but is a powerful stimulant to gastroduodenal peristalsis. Unlike 
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milk it does not modify the twenty-second interval between successive waves. 
It results, like water, in profuse secretion which, however, is less rapidly elimi- 
nated and, in consequence of the powerful stimulation of peristalsis, mixes 
thoroughly with the barium sulfate. 

9. Amy] nitrite, in therapeutic doses, has a complete immediate inhibitory 
effect upon gastric peristalsis and fall of fluid level. It does not reduce gastric 
tone. It has some, but progressively less inhibitory, effect upon pyloric 
rhythm, cap rhythm, evacuation rhythm, and duodenal peristalsis. 


It is a pleasure to acknowledge the loyal cooperation of the medical students who have 
lent themselves as subjects for this study, as well as those who have worked with us upon 
the operating teams. The success of the work has been due to the careful planning and carry- 
ing out of the actual studies by Miss Kuenzel, who arranged the experiments and who, with 
the aid of her assistants, carried them out in precise detail. 

The examination and analysis of all the records and the making of the charts are the 
work of Dr. Painter, the original draft of the manuscript and the deductions are the work of 
Dr. Todd, and the final preparation of the manuscript for publication is the work of Miss 
Kuenzel. 
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THE MANAGEMENT OF DIABETES AS CONTROLLED BY TESTS 
OF ACETONE IN EXPIRED ATR? 


A. P. Briaes, B.S., M.D., Auausta, Ga. 


N DIABETES mellitus there is a disturbance in carbohydrate metabolism 
characterized by hyperglycemia and elyceosuria, and a disturbance of fat 
metabolism characterized by lipemia and ketosis. 

It has been general practice to make tests for acetone bodies in the urine 
for the purpose of estimating the extent of the ketosis as an aid in diagnosis 
and control of diabetes, but its management has rested primarily on determi- 
nations of glucose in blood and urine. My experience of the past few years 
indicates that this order of attention might well be reversed; indeed, it ap- 
pears that diabetes in any stage can be rather well controlled with nothing 
more than a simple clinical test for acetone in expired air. 

Recent studies in the field of ‘‘ketolysis vs. antiketogenesis’’ have tended 
to alter somewhat our view concerning the significance of the acetone bodies. 
Heretofore, we have looked on the ketosis as an expression of incomplete com- 
bustion of fat which was thought to require for normal combustion a simul- 
taneous vigorous fire of carbohydrate. It now appears that the ketone acids 
may be normal intermediates of fat metabolism and that the presence of ab- 
normally high concentrations of acetone bodies is simply an expression of 
intensified fat metabolism. Such an intensification occurs in a compensatory 
manner whenever the metabolism of carbohydrate is retarded. The ketosis of 
diabetes may have, therefore, the same significance as the ketosis of starva- 
tion and other conditions. However, the subject is not vet settled.t 

From either viewpoint the ketosis would subside as the combustion of 
carbohydrate is accelerated. There is, therefore, no theoretical disadvantage 


in basine our control on tests which indieate the extent of the ketosis. 
ESTIMATION OF THE KETOSIS 


Analysis of blood from diabetic patients shows all three of the acetone 
bodies (oxybutyrie acid, diacetic acid, and acetone) to be present. And while 
the fraction of total acetone bodies represented by acetone varies consider- 
ably, from 13 per cent to 26 per cent,* the determination of this fraction may 
be taken as a reliable index of the ketosis. A clinical method for determina- 
tion of blood acetone, more simple than any for blood sugar, has been devised 
by Abels;*° this method should find practical application in the management 
of diabetes. 





*From the Departments of Biochemistry and Internal Medicine, University of Georgia 
School of Medicine, Augusta. 
Received for publication, June 12, 1939. 
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Tests for acetone bodies in urine are regarded as more valuable when posi- 
tive. The prevailing opinion is that they may be absent in the urine even 
with severe diabetic acidosis;® renal block is suggested for the failure of 
their appearance. That acetone should be present in the blood and absent in 
the urine seems impossible, since acetone diffuses rapidly through wet tissues 
without any regard for the biological activities of tissue cells; it is not even 
necessary for acetone to pass the kidneys to get into the bladder urine.” It 
must be remembered that the more sensitive nitroprusside tests for acetone 
are actually less sensitive for acetone than for diacetie acid; that possibly 
with slow rates of urine formation all diacetie acid in the glomerular filtrate 
might be resorbed by the renal tubules; and that acetone escapes rapidly 
from warm urine. 

Since acetone is excreted by the lungs according to physical laws of dif- 
fusion,” ® there is provided in expired air a readily accessible material from 
which the blood acetone can be caleulated and the ketosis approximately esti- 
mated. Previous work’ ® indicates the distribution coefficient of acetone for 
blood and alveolar air to be between three and four hundred to one; that is, 
a liter of alveolar air should contain about as much acetone as 3 ¢.c. of blood. 
In the previous report’ a few observations indicated this relation to hold in 
diabetes as well as in normal individuals. A few additional observations have 
been made in connection with this study, which indicate that the blood acetone 
may be estimated roughly from the relation: acetone in blood = 350 (acetone 
in expired air). In these experiments alveolar air was obtained by having 
the patients rebreathe into a rubber balloon; a measured volume was then 
drawn through 5 ¢.c. of 5 per cent sodium bisulfite solution. Acetone in an 
aliquot of the bisulfite solution was determined as in the method of Abels. 
Acetone in blood plasma, taken at the time of rebreathing, was also deter- 
mined by the method of Abels. There are two chief errors in this procedure 
which tend to cancel: the rubber balloon absorbs some of the acetone, and 
the volume of air as measured is equivalent to a slightly greater volume of 
alveolar air at body temperature. The ratios of acetone (blood/alveolar air), 
however, fell consistently within the limits of 300 to 400. 

A rapid clinical method for determination of acetone in the breath 
should be most useful. For this purpose the sensitive Scott-Wilson reagent 
has been employed by Higgins® and others. Turbidities produced from alveo- 
lar air obtained by rebreathing into a rubber balloon have been compared 
with those produced by known quantities of acetone. I have found the ordi- 
nary alkaline Nessler’s reagent, used by Abels, to be satisfactory. It is nearly 
as sensitive to acetone as the Seott-Wilson reagent, it is more stable, and it 
is available in almost any hospital or biochemical laboratory. 

Practically, a very good idea of the ketosis may be obtained by an ex- 
tremely simple procedure. All that is necessary is to have the patient re- 
peatedly blow through a bent glass drinking tube into about 3 ¢.c. of Nessler’s 
reagent, contained in a large size test tube, until the appearance of a white 
opalescence. Much of the acetone in the breath passes through the solution 
without reaction, but the number of blows required to give the test depends 








j 
| 
q 
3 








BRIGGS: MANAGEMENT OF DIABETES 605 


chiefly on the concentration of acetone in the breath and the volume of the 
expirations. With unconsciousness, as in diabetic coma, the test must be modi- 
fied in a manner to be described presently. 

A normal individual at the end of an ordinary expiration can forcibly 
expel about a liter of supplemental air, which is chiefly alveolar air. If about 
700 ¢.c. of this supplemental air is expelled repeatedly through the test 
reagent, pausing about thirty seconds between blows for inspection, then a 
white opalescence will be observed, usually after the third blow (or the second 
blow of 1000 ¢.c.), with blood acetone at the normal level of about 0.25 mg. 
per cent. This, then, is the state toward which the diabetic patient should 
strive. A vital capacity spirometer or rubber balloon of known capacity is 
useful in training the patient to give blows of uniform volume. 


MANAGEMENT OF CASES WITH THE AID OF THIS TEST 


Severe Diabetic Acidosis.—lf the patient comes in comatose, the diagnosis 
of diabetic acidosis is confirmed with the aid of Nessler’s reagent as follows: 
The test tube is equipped with a double bored stopper, holding inlet and 
outlet tubes of glass, and these are connected with short pieces of rubber 
tubing. The free end of the inlet tubing is placed in the patient’s mouth, and 
suction is applied by the operator on the outlet tubing. A few bubbles drawn 
through the reagent at the end of three successive expirations gives an intense 
white cloud in the presence of a severe ketosis. With this test there is no 
possibility of mistaking hypoglycemic reactions for diabetic coma. This is a 
point of some importance since tragic mistakes are reported occasionally from 
the best regulated clinics. 

The patient is not catheterized ; it is undesirable to superimpose a urinary 
tract infection, and no necessary additional information is obtained by exami- 
nation of the urine. 

Administration of balanced quantities of insulin and glucose is started at 
once. Usually 50 units of soluble insulin is administered subcutaneously, and 
50 Gm. of glucose, as a 5 or 10 per cent solution in physiologic saline, is ad- 
ministered intravenously. 

Progress is indicated by the acetone test which is repeated every half 
hour. The injection of insulin and intravenous infusion are repeated every 
hour until clinical improvement is noted, or until the test becomes less intense. 
With improvement the interval between administrations of insulin and in- 
‘usion is widened according to the behavior of the individual patient. 

With an estimation of the ketosis we have indirectly a measure of the 
icidosis. Consequently, the determination of plasma bicarbonate becomes 
-uperfluous. As a matter of fact, the chief importance of this determination 
ittaches to the calculation of sodium bicarbonate for replacement; this prac- 
ice has become nearly obsolete with the introduction of sodium lactate, a 
suffer alkali, which can be administered almost indiscriminately. It is the 
‘ractice here to administer Hartman’s physiologie lactate solution continu- 

isly under the skin in various states of acidosis. 

As soon as possible the acetone test is obtained by having the patient 
low through the reagent. It is carried out frequently and, as long as an 
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intense cloud is obtained with the first blow, soluble insulin balanced by 
glucose is administered at the rate of 20 or 30 or more units every six hours. 

As the patient recovers from coma and is able to take nourishment, he is 
ordinarily placed on a calculated diet. The formula being used at present 
consists of a gram per kilogram each of protein and fat, and 3 Gm. per kg. of 
carbohydrate; this provides 25 calories per kg. The test for acetone is done 
night and morning. The use of soluble insulin is continued until the require- 
ments become stationary; the quantity administered being sufficient so that 


no more than an opalescence appears in the acetone test after the first blow. 
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Chart 1.—Observations with severe diabetic acidosis. 


A switch to insoluble (protamine) insulin is then undertaken. The prac- 
tice here is to start out with about 60 per cent of the soluble insulin require- 
ments administered in one injection before breakfast. This change is usually 
accompanied by a moderate increase in ketosis. A daily increase of 5 or 10 
units in the quantity of the injection is allowed until the test for acetone is 
normal (negative to two, and positive to three blows of about 700 ¢.c. of sup- 
plemental air). 

Patients who have been well regulated may develop acidosis with acute 
infections or break in routine. In such instances protamine insulin, equivalent 
to maintenance requirements, may be administered each morning, and through 
out the day supplementary soluble insulin, balanced by glucose in sufficient 
quantities to control the ketosis. Observations made on such a case are shown 
in Chart 1. 


This patient, W. J., a negro male, aged 15 years, was admitted January 1, 1939, in : 
stuporous condition caused by yuletide excesses, and with the onset of an influenzal infection 


The test for acetone proved the presence of a severe ketosis. He had been under observa 
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tion for some time and was known to require about 60 units of protamine insulin daily; 
this was administered each morning and supplemented by soluble insulin, 
Chart I. The increase « 


as indicated in 
»f supplementary soluble insulin from 120 to 210 units on the second 


day was associated with a rise in temperature and development of delirium. He was able 


to take fruit juices on being aroused during the first two days and a liquid or soft diet 


of protein 45 Gm., fat 45 Gm., and carbohydrate 135 Gm. thereafter. On the first day he 


had 2,000 c.e. of 5 per cent glucose intravenously, and on the second day 3,000 ¢.¢., as sup 


plementary carbohydrate to balance insulin. 


Chief interest centered on the expirations required to give the clinical test for acetone 


in relation to chemical analysis of blood and urine. During the first two days the test was 


obtained by suction of small quantities of expired air through the Nessler’s reagent. At 


first a few bubbles gave a heavy cloud. This 


s consistent with the high blood acetone of 
ll mg. per cent, and blood sugar of 400. The test from similar small quantities of ex 
pired air faded considerably during the next two days, again consistent with blood analysis. 
The patient was able to blow on the third day, and one expiration gave a rather heavy eloud ; 
the next day, with blood acetone at 2.0 mg. per cent, a light cloud was obtained with one 
expiration. During the next week, as soluble insulin was gradually withdrawn, the blood 
acetone remained in the vicinity of 1 or 2 mg. per cent, and an opalescence was obtained 
from two or one expirations. The patient left the hospital against advice, and five days 
later returned to the clinic. At this time the test for acetone required three blows of 
about 600 c.c., and the urine was free of sugar. Analysis of blood (taken four hours after 
breakfast and 60 units of insulin 


gave normal values for sugar and acetone. 

Since the amount of expired air required to give the test for acetone bears 
a definite reciprocal relation to the hyperglycemia, glycosuria, and blood 
acetone, it would appear that the information gained from chemical analysis 
of blood and urine is not indispensable. 


Where the control is based on levels of blood sugar, a complication arises 
with the administration of glucose. With the foregoing scheme outlined there 
is no such concern, and the use of balanced doses of insulin and glucose 
obviates the danger of hypoglycemia. 

Some criticism of this scheme is to be expected from those who feel that 
rlucose is a ‘* poison to the diabetic patient.”'? The use of balanced glucose 
and insulin is, nevertheless, well supported by clinical and experimental evi- 
lence. Elevation of the level of blood sugar without insulin tends to reduce 
1 


he ketosis,!! and apparently tends to increase carbohydrate utilization ;'* 


hat is, it tends to correct the diabetic error. In practice, glucose infusions 
ave given good results in diabetic acidosis. [ have seen nothing but 
od results with this scheme; it has been followed on all of our staff patients 


iving diabetic acidosis during the past two vears. 

Control of Chronic Cases.—Previously untreated patients, who continue to 
hibit a ketosis with dietary restriction, must be treated with insulin. It seems 
st to start with a small dose of protamine insulin, 5 to 20 units, depending on 

intensity of the cloud produced by blowing through the Nessler’s reagent ; 
d then to increase the dose a few units every few days until the test for 
etone in expired air is normal. Observations made on a case treated in this 
inner are shown in Chart 2. 


This patient, Mrs. K. W., 
ss of breath. 


an elderly white female, came to the clinic because of short- 


She was discovered to have diabetes, and signs of pellagra and heart disease. 
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She was admitted to the hospital and placed on a diet of protein 45 Gm., fat 45 Gm., and 
carbohydrate 135 Gm. Various observations made during the following three weeks are 


shown in Chart 2. 


Again one sees the reciprocal relation between expired air required for 
the acetone test and level of blood acetone. Again the curves for blood acetone 
and fasting blood sugar are roughly parallel. These points are important 
because they mean that a patient brought under control by tests for acetone 

his breath will be aglycosurie and have a nearly normal fasting blood 
sugar: features which are generally accepted for the properly controlled 
diabetic patient. Several other patients have been studied similarly. Always 
the curves of blood acetone and the fasting blood sugar have been roughly 
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Chart 2.—Observations made during control of a previously untreated patient. 


parallel and reduced to normal simultaneously, and always the expirations 
required to give the test have oscillated about a curve bearing a reciprocal 
relation to the curve for blood acetone. These oscillations suggest the advisa- 
bility of refining the test, which could be done by placing the Nessler’s solu- 
tion in an aeration tube connected up with a gas meter or vital capacity 
spirometer. But the facts are the observed curves for blood acetone and fast- 
ing blood sugar have resulted from the use of the clinical test, as described, 
for control. The daily test, with occasional measurement of supplemental ai 
volume, gives the trend of change in blood acetone. 


There has been no difficulty in getting patients to carry out the test at 
home. They soon learn to empty their lungs after a normal expiration in a 
fairly uniform manner; this is a factor which must be determined for eacl 
individual. They are supplied with a small quantity of Nessler’s reagent 
a bottle labeled ‘‘poison.’’ They are cautioned against drawing the solutio! 
into their mouth, and are also told to use vinegar as an antidote if they shoul: 
happen to do so. The blowing tube is bent so that spray will not be throw: 
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into the face. A sediment forms in the Nessler’s reagent, but the small quan- 
tity necessary for the test may be easily poured off from the clear supernatant 
fluid. 

Patients have been told to make the test in the morning before breakfast 
and to return periodically with a report of the blows required for the test. 
The time of day at which the test is made, however, is not very important for 
the reason that blood acetone does not fluctuate during the day as much as 
blood sugar. For this reason, the patient may be quickly checked in the office. 
They should be checked, moreover, to determine the volume of their expira- 
tions as well as the number required to give the test. The number of blows 
equivalent to about 2,000 ¢.c. of supplemental air is taken as the standard for 
normality. 

The information obtained from clinie patients tends to bear out the con- 
clusion drawn from studies in the hospital: the patient who habitually re- 
quires two to four long blows to give the acetone test is under very good 
control. 

SUMMARY 


1. From the standpoint of rationale the control of diabetes may be based 
on estimations of the ketosis, as well as of the sugar in blood and urine. 

2. A simple clinical test is described for the rapid estimation of ketosis. 

3. Observations are presented illustrating the changes in blood chemistry 
associated with control of patients based on the clinical test. 
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THE PHYSIOLOGIC ACTIVITY OF CIGARETTE SMOKE SOLUTIONS 
AS RELATED TO THEIR NICOTINE CONTENT®* 


H. B. Haac, M.D., Ricumonp, Va. 


T WAS reported in this JourNaAL! that aqueous solutions of cigarette smoke 

were approximately 25 per cent more toxic by intraperitoneal injection into 
white mice than a nicotine acetate solution of equal nicotine content. The 
present study was undertaken with the hope of elucidating this question as 
well as that concerning the role of nicotine in certain physiologic actions of 
cigarette smoke solutions. 

In all experiments the smoke solutions were prepared by gravity collec- 
tion over physiologic solution of sodium chloride, using the technique of ex- 
perimental smoking deseribed by Bradford and co-workers.? The solutions 
were filtered with celite, and their nicotine contents were standardized chemi 
cally.* 

The nicotine solutions used for comparison were made with nicotine 
acetate in saline. This nicotine salt was selected because in the concentrations 
used, its solutions in saline have approximately the same hydrogen-ion concen- 
tration as the cigarette smoke solution and because it is probably the form 
in which the nicotine in dissolved smoke largely exists. 

Effect of Cigarette Nmoke Nolutions and Solutions of Nicotine Acetate On 
slood Pressure of the Dog.—In comparing the effects of smoke solutions and 
solutions of nicotine acetate on the blood pressure, we followed in) man) 
respects the original suggestions of Moore and Row,’ Ratner,” and van 
Leeuwen,® who long ago made similar studies. Carotid blood pressure was 
recorded with a mercury manometer in adult dogs anesthetized with dialt 

0 mg. per kg. body weight, intraperitoneally) and to which 0.75 me. 
per kg. atropine sulfate had been given intravenously. This atropinization is 
necessary so as to prevent the initial vagal stimulation which usually follows 
the intravenous administration of nicotine and which leads to a distortion in 
the blood pressure curve. Small (0.01 mg. per kg.) initial injections of nicotine 
were then made to determine the sensitivity of the animal. When the blood 
pressure appeared normal, the solution to be tested was injected into thx 
femoral vein at a definite rate (0.025 to 0.050 ¢.c. of a 0.1 per cent dilution ot 
nicotine per second). Injections were repeated at exactly five-minute inter 
vals, at which time the blood pressure had reached a constant level. Furthe: 
to discount changes in sensitivity (usually a decrease), the following schem: 
of injecting the solutions was usually adopted in making comparisons: solu 





*From the Department of Pharmacology, Medical College of Virginia, Richmond. 

Received for publication, June 13, 1939. 

+Supplied through the courtesy of Mr. R. C. Mautner, of the Ciba Pharmaceutical Pro: 
ucts, Inc. 


610 

















HAAG: PHYSIOLOGIC ACTIVITY OF CIGARETTE SMOKE SOLUTIONS 611 


tion ‘*‘A’’—solution ‘‘B’’—'‘A’’—‘B’’—‘‘A.’’ Statistical evaluation could 
then be made by averaging the individual responses. To prevent the dimin- 
ished sensitivity incident to the administration of large doses, such doses of 
nicotine were selected so as to produce a rise in blood pressure only sufficiently 
large to permit satisfactory measurement. By observing these precautions, 
it was found that differences in nicotine content of 25 per cent were, as a rule, 


readily detectable in any one animal preparation (Fig. 1). Frequently the 


“ eee | meni Te) eee Seen een | a lll Ls ns ln | yop ee necnsemeem | steal 





Fig. 1.—Three experiments showing the comparative effect on blood pressure of nicotine 
tate in doses differing by 25 per cent, administered intravenously to dogs anesthetized with 

Doses employed in top tracing 0.026 mg. and 0.0325 mg. x kg.; doses in lower two 
ngs 0.04 mg. and 0.05 mg. Time six seconds, 


erence in the blood pressure rise was proportionately greater than the dif- 
ference in nicotine dosage. Table I lists the results obtained in several experi- 
its in which the effects of a smoke solution and a solution of nicotine acetate 
e compared. The similarity in blood pressure response to the smoke solu- 


— 


| and to the solution of a nicotine salt of similar nicotine concentration was 
Si:iking (Fig. 2), and indicates that the effect of the smoke solution was at- 


utable to its nicotine content, as van Leeuwen.® and Schlossmann and 


lesinger,” among others, had found. 
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TABLE I 


EFFECT OF CIGARETTE SMOKE SOLUTION AND A SOLUTION OF NICOTINE ACETATE ON BLOOD 
PRESSURE OF DOG 








BLOOD PRESSURE RISE __ 
(MM. Hg) 





EXPERIMENT DOSE NICOTINE 
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Intravenous Toxicity of a Cigarette Smoke Solution and a Solution of 
Nicotine Acetate for the Rabbit—Since the mechanism by which nicotine causes 
death is respiratory rather than circulatory, the toxicities of the solution of 
cigarette smoke and of the nicotine acetate solution used were compared by 
intravenous injection into rabbits. The smoke and nicotine acetate solutions 
used were prepared so as to contain 2 mg. nicotine per cubic centimeter. The 
injections were made into the marginal ear vein of adult rabbits at the rate 
of 0.2 ¢.c. per second.* The animals were of mixed sexes, mostly white, and 
had an average weight of about 1,600 Gm. Chart 1 illustrates the results pro 
eured. The symptoms of poisoning from both types of solutions were identi- 
eal. From these data it is evident that by intravenous administration into 
rabbits the toxicity of the smoke solution in terms of nicotine was the same 
as that of the control solution of nicotine acetate. 

Effects of Irritants and Epinephrine on the Intraperitoneal Toxicity of 
Nicotine.—The afore-mentioned results show that by intravenous administra 
tion the blood pressure response to, and the toxicity of, the smoke solution 
appeared to depend entirely on its nicotine content. This being so, the differ 
ence in toxicity previously noted! between smoke solutions and nicotine 
acetate solution on mice by intraperitoneal injection, might be regarded as 
due to difference in rate of absorption. It has been observed here and ind! 
eated elsewhere* ® that smoke solutions are much more irritating than simi- 
lar concentrations of pure nicotine salts. With these observations in mind, the 
following experiments were performed. In the first test, two solutions of 
nicotine acetate of the same concentration (0.1 per cent) and hydrogen-ion 
concentration (pH 5) were prepared. One was made with a buffer solution? 





*When fatalities occurred, they resulted usually within a few minutes; however, ®!! 
animals in this and subsequent toxicity experiments were kept under observation for sever! 
days. 

40.025 normal acetic acid. 

9.025 normal sodium acetate. 

0.025 per cent Benzoic acid. 
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in a concentration which had been found in this laboratory® to have a local 
irritating effect comparable to that of the cigarette smoke solution. The 
toxicities of these two solutions were determined on white female mice (+20 
Gm. body weight) by intraperitoneal injection. This experiment (Table II, 
Experiment 1) gave indications that the presence of an irritant could increase 
the toxicity of nicotine. 
TABLE II 
EFFECT OF IRRITANTS AND EPINEPHRINE ON TOXICITY OF NICOTINE ACETATE 


(White mice—10 mg. per kg. intraperitoneally ) 


| NO. MICE | 


NO. MICE | NO. MICE | PER CENT. 


























: PREPARATION : ae 
NO. | INJECTED } SURVIVED DIED | FATALITY 

1 | Nicotine acetate in acid 27 | 13 14 52 
| buffer 

| Nicotine acetate 27 17 10 37 

2 |Nicotine acetate in 0.056 M| 16 — + 29 63 
formaldehyde 

Nicotine acetate 16 26 18 | 40 

3 Nicotine acetate in 1:24,000| 66 51 | 6b | 23 
epinephrine 

| Nicotine acetate j 66 38 28 42 


In a second experiment two additional solutions of nicotine acetate, as 
described above, were made, except that to one enough formaldehyde was 
added to make a 0.056 molar solution. This concentration of formaldehyde 
was selected because it had been found to produce about the same degree of 
irritation as the buffer solution.” These solutions were injected into mice as 
previously stated. The results (Table Il, Experiment 2) demonstrate that the 
nicotine solution containing the formaldehyde was appreciably more toxic 
than the one without it. Incidentally, the control injection of ten times this 
dose of formaldehyde produced no effect, other than a temporary impairment 
of respiration due to the tremendous distention of the abdomen from the large 
volume of fluid. From these data we postulated that the local irritation, with 
‘consequent vasodilation of the abdominal vessels, lead to an increase in the 
rate of nicotine absorption, and hence to an increase in toxicity of these irri- 
tating solutions. The fact that the solution of nicotine containing a buffered 
eid irritant was no more effective, might be explained on the basis that its 
potential acidity was relatively so high that it maintained its acidity longer 
n the peritoneal cavity than did the plain acetate solution. In unpublished 
ita’? from this laboratory it has been recorded that nicotine is much less 
‘adily absorbed by mucous membranes (vagina) from an acid medium than 
mm a neutral or alkaline one. Therefore, because of the acid medium, the 
sodilation due to the irritating properties of this buffered acid was less 
ective in expediting absorption than a nonelectrolyte irritant, such as for- 
ldehyde. 
If the presence of an irritant facilitates the absorption of nicotine acetate 
m the peritoneal cavity by causing vasodilation, then an agent producing 
soconstriction should have a reverse effect. To test this two more nicotine 
a etate solutions were prepared, one with plain saline and one with 1:24,000 
s\iution of epinephrine in saline, and their toxicities were compared. The 


x 
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results shown in Table II (Experiment 3) substantiate the assumption previously 
made: the solution of nicotine acetate in epinephrine was definitely less toxic 
than the one without it. Control experiments, in which ten mice were given 
ten times as much epinephrine as had been given with the nicotine, gave 
negative results. There is no reason to believe that systemically there is any 
antagonism between the action of nicotine and epinephrine which might ae- 


count for a diminution in nicotine toxicity. 
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Chart 1.—Showing identical toxicity of nicotine as solution nicotine acetate and as solution of 
cigarette smoke for rabbits by intravenous injection. 

It seems fair to conclude from these experiments that the discrepancy in 
toxicity between smoke solutions and control solutions of nicotine acetate on 
mice by intraperitoneal injection is due to quicker absorption of the nicotine 
from the smoke solution, and that this increased speed of absorption may be 
explained by a local vasodilation provoked by irritation. These findings at 
first glance appear to be contradictory to those of Lehmann" who found that 
on human beings the nicotine from smoke was less readily absorbed than 
volatilized pure nicotine. Cognizance of our findings that nicotine is less 
rapidly absorbed from an acid medium than from an alkaline one,’’ and 
recollection that nicotine in smoke is usually combined with acid, answers 


this seeming point of difference. 

Relationship Between the Physiologic Effects of Cigarette Smoke Solutious 
and Their Nicotine Content—A. Blood Pressure Studies. From the foregoing 
one might conclude that smoke solutions owe their toxicity and effect on blood 
pressure to the nicotine which they contain. Lee’ and van Leeuwen® disti:\- 
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vuished between the nicotine content of smoke from several types of tobacco, 
using as the quantitative criterion the extent of the blood pressure rise pro- 
voked in the anesthetized or decapitated cat by the intravenous administration 
of the smoke solutions. In the blood pressure studies described earlier, it 
was possible, as stated previously, to discriminate between nicotine solutions 
differing in nicotine concentration by 25 per cent, and sometimes even less 
(see Fig. 1). Hence experiments were performed with the intent of deter- 
mining whether it was possible by such a biological method to differentiate 


between smoke solutions made from cigarettes of different nicotine contents. 


POLAT it 


emcee. a ee ee 


- 03 





Fig. 2.—Two experiments showing the similarity in blood pressure response to nicotine 
1cetate (0.1 per cent) and a smoke solution of the same nicotine content administered intra- 
venously in equal volumes (0.03-0.04 c.c. xX kg.) to dogs anesthetized with dial. Time six 
g nds, 


Fi. 3 illustrates the results obtained in two typical experiments. Table III 
lisis the actual values obtained in a series of such observations made with 
snioke solutions prepared from two current brands of cigarettes of different 
nicotine content. 

Bb. Toxicity Studies. Equally, if not more, striking were the results ob- 
taived when these solutions were tested for their toxicity on female mice (+ 20 
Gi. body weight) by intraperitoneal injection. The original smoke solutions 


Were made so as to contain an estimated 0.8 mg. nicotine per cubic centimeter, 
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TABLE III 


COMPARATIVE EFFECT OF SMOKE SOLUTIONS FROM CIGARETTES OF DIFFERENT NICOTINE CONTENT 
ON BLOOD PRESSURE OF DOG 


BLOOD PRESSURE RISE 
(MM. Hg) 


SxPERMSE S| — ~ CIGARETTE A CIGARETTE E 
NUMBER | (€.C./ KG.) nsgtmmion noe <i ae) Seer a : 
INDIVIDUAL AVERAGE EMBEVESU AL. AVERAGE 
amas ae: INSEOTIONS ae INJECTIONS - eee 
] 0.03 42 74 
| 46 14 64 
eel 60 66 
a iz “0.05 : % - : : 
26 | 26 46 46 
} 0.07 44 GO 
| 46 56 
38 1 56 
50 56 
_ = 0.07 50 32 aosies 
42 68 
36 13 62 
. 66 72 


TABLE IV 


TOXICITY OF SOLUTIONS OF CIGARETTE SMOKE 


(White female mice—intraperitoneally ) 


l ~ NICOTINE 


CIGARETTE \ B ( D 
ACETATE 
Nicotine from 40 cigarettes,| 108 ~ | 137 120 ~ 110 “} 00 
4 mg. 
’ Original dilution, c¢.c. 35 171 150 137 100 
Nicotine, mg. per ¢.c. 0.803 0.807 0.807 | 0.803 0.967 
Second dilution 83/100 89/100 86/100 90/100 100/100 
Mortality, second dilution, 22/30 16/20 17/20 12/20 9/10 
0.015 ¢.c./Gm. mouse 
Third dilution | 75/100 80/100 80/100 | 80/100 80/100 
Mortality, third dilution, | 6/40 16/40 18/40 19/40 19/40 
0.015 ¢.c./Gm. mouse 
Dilution for L.D. 50 per| 169 |} 209 185 167 
cent (interpolated), ¢.c., | 
0.015 ¢.c./Gm. mouse 
Toxicity of cigarette 101 125 11] ¢¢100”’ 
Nicotine of cigarette smoke | 98.5 125.5 110.0 **360"? 
L.D. 50 per cent of nico 9.6 9.9 9.8 9.9 11.77 
tine, mg./kg. 
Dto. 7/36, male mice (1) 8.5 11.00 


based on previous analyses of the smoke. 


These solutions are designated ‘‘ orig! 


nal dilution’’ 


in Table IV. 


The ‘‘second dilution’? was prepared by diluting 
the original dilution until, when injected in the amount of 0.015 ¢.c¢. per Gm 
of mouse, there resulted fatalities in more than 50 per cent of the animals 
Similarly, a ‘‘third dilution’’ was prepared from the original solution which, 
when injected in the same amounts, resulted in less than 50 per cent fatalities. 
The volume in which the smoke of forty cigarettes should be dissolved to give 
a solution producing 50 per cent mortality when injected in these amoun's 
was then calculated by interpolation from the two points actually determin 

The nicotine content of the original solutions was determined chemically, and 


the median lethal dose (L. D. 50 per cent) of each brand was expressed ‘0 
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milligrams nicotine per kilogram mouse. The ‘‘toxicity’’ of a brand is the 
ratio of the L. D. 50 per cent dilution of that brand to the L. D. 50 per cent 
dilution of one cigarette arbitrarily set at 100. A total of over 700 mice was 
used for this experiment. Table IV shows the results obtained with the sev- 
eral brands and also with the control solution of nicotine acetate. This ex- 
periment demonstrated that the toxicities of smoke solutions prepared from 
various brands of cigarettes varied directly with their nicotine content. It 
also demonstrated again that cigarette smoke solutions on intraperitoneal in- 


jection into mice are definitely (20 to 25 per cent) more toxic than their nicotine 





Fig. 3.—Two experiments showing the difference in blood pressure response to the intra- 

ous injection into dogs anesthetized with dial of 3 smoke solutions, each prepared from 

‘ rettes (A, B, E) of different nicotine content. Doses employed top tracing, 0.01 c.c. 

kg.; bottom tracing, 0.03 c.c. & keg. Time six seconds. One cubic centimeter smoke solution 
ivalent to 0.37 cigarette of each brand. 


tent would indicate, as judged from values obtained with pure nicotine 
acetate solutions. From the experiments on the addition of irritants to 
otine solutions, it would seem that the solution of smoke of greatest con- 
tration should show a lower L. D 50 per cent for nicotine than the more 
diinte solution of the same nicotine content. Since, from Table IV, the L. D. 
er cent for nicotine is the same for all brands, one may surmise that the 
irritants are approximately proportional to the nicotine content. It is inter- 
ig to note that the L. D. 50 per cent value for nicotine acetate is in agree- 


ment with that reported by us several vears ago! for male mice. 
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SUMMARY AND CONCLUSIONS 


By intravenous administration, cigarette smoke solutions produced the 
same effect on the blood pressure of the anesthetized dog and had the same 
acute toxicity for rabbits as a control solution of nicotine acetate of similar 
nicotine content. 

By intraperitoneal administration into white mice, smoke solutions ap 
pear to be more toxic than solutions of nicotine acetate of equal nicotine con- 
centration. This difference is accounted for by the more prompt absorption 
of the nicotine from the smoke solutions due to the presence of irritants 
which, probably by causing vasodilation, increase the speed of nicotine ab- 
sorption. 

Employing the blood pressure response as a biological test, it was found 
that the differences in nicotine content in several brands of cigarettes could be 
correlated with the effects of solutions prepared from their smoke. Likewise, 
the toxicity of these smoke solutions by intraperitoneal injection into mice 
was proportional to their nicotine content. 

It is coneluded that the actions of cigarette smoke solutions, as regards 
their acute toxicities and their effects on blood pressure by intravenous injec- 


tion, are due to their nicotine content. 
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THE EFFECT OF SUBCUTANEOUS INJECTIONS OF CRYSTALLINE 
INSULIN ON THE BLOOD SUGAR OF FASTING RABBITS* 


MELVILLE SAHYUN, PH.D., Detrorr, Micu. 


AHYUN and Blatherwick'’ were first to demonstrate the difference in the 

duration of action of insulin on the blood sugar of rabbits following the 
various modes of its parenteral administration. Thus it was shown that insulin 
subeutaneously injected has a more prolonged effect than insulin injected in- 
travenously or intraperitoneally. Hence it was considered desirable to investi- 
vate whether or not the rate of absorption and the duration of insulin action 
on the blood sugar of rabbits would be influenced by different modes of sub- 
eutaneous injections. Three different subcutaneous routes were studied: (1) 
subepidermal, (2) subdermal, and (3) intradermal. 

While considerable work has been done on the prolongation of insulin 
action, little attention has been given to the acceleration of its hypoglycemic 
effect. This is important, particularly in eases of diabetic acidosis and coma, 
where an immediate lowering of blood sugar is highly desirable. In this con- 
nection data is presented to show that the acidity of a solution of insulin has 
considerable influence on the rate of its absorption. 

This study deals with an investigation on: (1) the effect of different modes 
of subcutaneous injections of insulin on the blood sugar of rabbits, and (2) the 
acceleration of insulin action by changing the acidity of its solution. 

The solution of erystalline insulin used in this investigation was prepared 
from dry insulin erystals which had been assayed at 22 international units per 
1 mg. Sahyun’s method? for blood sugar determination was employed. 


EXPERIMENTAL 


(1) Effect of Different Modes of Subcutaneous Injections of Insulin on the 
blood Sugar of Rabbits.—In this series of experiments, a solution of crystalline 
insulin containing 40 units per 1 ¢.c. was used. Three different modes of sub- 
c\itaneous injections of insulin were studied on rabbits that had fasted for 
twenty-four hours. (1) Subepidermal. This procedure consisted in shaving 
a small area of the rabbit’s ear, inserting the needle diagonally, and injecting 
the insulin so as to form a small lump under the epidermis. (2) Subdermal. 
Tis is the most commonly used procedure of subeutaneous administration of 
insulin. It consists in giving the desired amount by inserting the needle below 
th dermis and into the fascia. (3) Intradermal. This consists in selecting a 
suitable area on the back of the rabbit, removing the fur by cutting it close 


*From the Biochemical Research Laboratory, Frederick Stearns and Co., Detroit. 
Received for publication, August 8, 1939. 
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to the skin, inserting the needle diagonally into the dermis to a depth of about 
1 mm., and slowly injecting the insulin. 


The effect of insulin given by each of the subeutaneous modes was studied 


on 24 rabbits. Each rabbit received a total of 2 units of a 40 units per 1 ¢.c. 


concentration, 
0, 1.5, 3, 5, and 7 hours, respectively. 


Samples of blood for sugar determination were withdrawn at 
The results of these experiments are 


summarized in Fig. 1. 
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The blood sugar curves from the first 
A, crystal 


Fig. 
2.9 and at pH 7.0 on the blood sugar of fasting rabbits. 
hour to the end of the sixth hour were almost identical and were, therefore, omitted. 


line insulin pH 2.9; B, crystalline insulin pH 7.0. 


(2) Acceleration of Insulin Action by Changing the Acidity of the Solu 


A solution of erystalline insulin containing 40 units per 1 ¢.c. was pre 


tion. 
The acidity of the solution was adjusted with 


pared from dry insulin crystals. 
dilute hydrochlorie acid to pH 2.9. From this solution two dilutions were pr 
pared: (A) 20 units per 1 ¢.c. dilution was made in the usual manner and tli 
acidity kept at pH 2.9, and (B) 20 units per 1 ¢.c. dilution was prepared by th 
addition of an isotonic phosphate buffer so that the final acidity was pH 7. 
The isotonic phosphate buffer was prepared as follows: 18.9 Gm. of disodiun 
hydrogen phosphate were dissolved in about 200 ¢.c. of distilled water, t! 
acidity adjusted to pH 7.3, and the volume brought to exactly 1 liter. A caret 
check of the pH of the final 20 units per 1 ¢.c. dilution was made after mixit 


equal amounts of the buffer and the solution containing 40 units per 1 c¢.c. 
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After the withdrawal of the initial samples of blood for sugar determina- 
lion, one-half the number of rabbits were subdermally injected with 1 unit per 
ke. body weight of preparation A (pH 2.9) and the other half with 1 unit per 


ke. body weight of preparation B (pH 7.0). Subsequent samples of blood were 
withdrawn at ten, twenty, thirty, and forty-five minutes, and one, two, three, 
four, five, and six hours, respectively. The following week the experiment was 
repeated and the animals that had received preparation A received preparation B 
and viee versa. Each preparation was tested on 24 rabibts that had fasted for 
twenty-four hours. The results of this experiment are recorded in Fig. 2. 


DISCUSSION 


The data presented in Fig. 1 clearly demonstrate the wide variation in the 
duration of insulin action following its administration by the different sub- 
cutaneous routes described, viz., intradermal, subdermal, and subepidermal. 

For all intents and purposes the duration of hypoglycemia caused by the 
injection of insulin may be divided into three periods: 

(1) Period of Activity: This period extends from the time insulin is in- 
jected until the time the sugar content of the blood has reached its lowest level. 
The duration of this period is from one and one-half to two hours. During this 
period the blood sugar is decreasing at a faster rate than it is being mobilized 
from the liver. 

(2) Period of Coma: This period marks the height of the activity of insulin 
and its duration varies with the kind and amount of insulin injected as well as 
with the mode of administration and the experimental animal. It covers the 
time when the blood sugar has reached its lowest level and continues to be so 
until the rate of glucose mobilization from the liver is in excess of the removal 
of sugar from the blood. During this period the experimental animal is in a 
coma and convulsions may oceur. 

(3) Period of Recovery: This period is characterized by the rise of sugar 
i the blood until it reaches its initial level. It also marks the vanishing effect 
of injected insulin. In most instances the slope of the curve assumes a straight 
line, 

Following the subepidermal injection of insulin into the rabbit’s ear, there 
pears to be very little storage of insulin at the site of injection. Apparently 
‘| the insulin (2 units) administered has been rapidly absorbed, so that as 
on as the blood sugar has reached its lowest level, which marks the end of 
e first period, it begins to rise. The second period is of a very short duration. 

‘wing to the rapid absorption of insulin by this method of injection, the blood 
var falls to a lower level than when it is subdermally or intradermally injected. 
ithin seven hours the blood sugar returns to its normal level. 

Following the subdermal administration of insulin, the duration of effect 
insulin is somewhat parallel to the subepidermal route. However, the 
iod of recovery is slower, as characterized by the slope of the curve in Fig. 1 
d the faet that at the seventh hour period the blood sugar has not reached 
initial level. One may, therefore, conclude that the subdermal administra- 
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tion of insulin causes it to be more slowly absorbed than when it is given 
subepidermally in the ear. 

The intradermal administration of insulin into the same group of rabbits 
has indeed yielded unexpected results. The action of insulin thus given has 
been considerably prolonged, as characterized by the length of the second period. 
Furthermore, at the end of the seventh hour the blood sugar is still very low. 
The prolongation of action of insulin by this mode of administration may be due 
to the formation of a depot caused by the lack of proper cireulation in the 
vicinity of the site of injection. This difference in action suggests that when 
insulin is rapidly absorbed, as in the case of subepidermal or epidermal in- 
jection, a portion of the activity is lost, either by inactivation of the insulin 
or by stimulation of the adrenals, with a greater mobilization of sugar from 
the liver. 

Another striking difference is illustrated in the effect of the same dose of 
insulin administered subepidermally, subdermally, and intradermally on the 


incidence of convulsions. Table I is a self-explanatory summary. 


TABLE I 


INCIDENCE OF CONVULSIONS 


cis a ; ie AVERAGE TIME FOR 
ADMINISTRATION NUMBER OF RABBITS aes Saw vee 


amen as pasties OCCURRENCE OF 
USED Nl CONVULSING | CONVULSIONS (MINUTES) 
Subepidermal 24 7 yy 431 
Subdermal 24 7 103 


Intradermal 24 15 265 

Following the subepidermal and subdermal administration of insulin, the 
animals that went into convulsions recovered without the administration of 
glucose. Convulsions occurring following the intradermal injections were severe 
and in some instances the rabbits died despite the administration of ample 
quantities of glucose. Death, as a rule, occurred at night after the apparent 
recovery from hypoglycemic coma. 

Since most investigations of insulin action, particularly on the retardation 
of its effect, have been done following subdermal injections, it was considered 
desirable to employ this procedure in these studies on the acceleration of its 
effect. 

The first period, termed the period of activity, may further be divided int: 
two stages: (1) inactivity or equilibrium stage and (2) activity or absorptio: 
stage. In an earlier publication from this laboratory* it was pointed out tha! 
when an acidified solution of insulin was subcutaneously administered, tl: 
insulin must pass through various stages of hydrogen-ion concentration until t! 
reaction at the site of injection is in equilibrium with that of the tissue flui 
During this period of equilibrium there is no lowering of blood sugar. The dat 
presented in Fig. 2 support this theory, for it is clearly demonstrated that t! 
subdermal injection of an acidified solution of insulin remains inactive for t! 
first ten minutes or thereabout, whereas, when the acidity of the solution 
insulin has been adjusted to about that of the tissue finid, the lowering of blo: 
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sugar occurs promptly. The acceleration of effect of such a preparation persists 
throughout the first period of activity. A rapid-acting insulin of this nature 
may be useful in such instances as diabetic coma and acidosis. 


SUMMARY 


Intradermal injections of a solution of crystalline insulin were shown to 
produce a more prolonged hypoglycemia and a greater incidence of convul- 
sions in rabbits than subepidermal or subdermal injections. The lowering of 
blood sugar in fasting rabbits following the subdermal administration of in- 
sulin is more prompt when the acidity of its solution is at pH 7.0 than when 
it is at pH 2.9. 


The author wishes to express his appreciation to M. Goodell and A. Nixon for their 
technical assistance. 
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PHOTELOMETRIC DETERMINATION OF INORGANIC SULFATE IN 
BIOLOGICAL FLUIDS 


GRACE Mepes, Pu.D., AND ELIZABETH STAVERS, M.S. 
PHILADELPHIA, PA. 


EPHELOMETRIC determinations of sulfate in biological materials have 

been reported by various investigators, especially by Denis,' and Denis 
and Reed.? In view of the recent development of the photoelectric cell as a 
biological instrument, it seems worth while to report a procedure adapted to 
its use. 

The Ceneo-Sheard-Sanford photelometer* + was employed with a micro 
absorption cell No. 12337. A deep vellow filter was used to increase the sensi- 
tivity. To obtain the standard curve from which future values were to be 
read, the following procedure was emploved: ‘To a series of seven 12 ¢.e. test 
tubes, containing from 0 to 6 ¢.¢. ammonium sulfate solution equivalent to 
11.45 gamma sulfur per e¢.c. (diluted from a nitrogen standard containing | 
mg. nitrogen per ¢.c.), water was added to make up to 6.6 ¢.¢. To this solution 
0.4 ¢.c. 20 per cent sulfate-free trichloracetic acid was added and stirred with 
a fine glass rod. One cubie centimeter gelatin at about 40° C. (just above 
melting) was added and the contents stirred. After ten minutes 2 ¢.c. 1 per 
cent barium chloride were added and vigorously mixed with the solution. 
After a ten- to thirty-minute interval the barium sulfate cloud formed was 
read in the photelometer. The time intervals stated were found optimal for 
giving reproducible results. The tube containing no standard was used as a 
control to detect the presence of any contaminating sulfate. If a cloud was 
obtained, the set of determinations was discarded. 

Table I presents the amounts of reagents necessary for each tube and 
gives the average readings and the standard deviation of the mean for eac! 
dilution of sulfate over a series of 20 experiments. The curve given in Fig. | 
was obtained from plotting the average readings for a series of 20 experiments 
against the sulfur, expressed in gamma, contained in each tube of solutior 
This curve, plotted on semilogarithmic paper, approaches a straight line ex 
cept in the region of greatest concentration, where, according to the standari 
deviation of the mean, it becomes unreliable. 

Modification of Procedure for Determination of Inorganic Sulfate in Serui 
Preparation of Protein-Free Filtrate—To 2 ee. serum in 15 e¢.e. graduated 
centrifuge tubes, 1.4 ¢.c. 20 per cent sulfate-free trichleracetic acid are adde 
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This solution is thoroughly mixed and allowed to stand fifteen minutes for the 
protein to floeculate. After centrifugation the clear supernatant liquid is 
filtered through a dry acid-washed filter paper into a test tube. The wall of the 
centrifuge tube is washed with 2 to 3 ¢.c. of water, added to the supernatant 


liquid in the filter. Dilution is then made with water so that 21.1 ¢.c. in all are 


added, bringing the total volume of the diluted serum to 24.5 @.e. 
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Fig. 1.—Photelometric determination of sulfate. Total averages of readings for series of 


20 experiments. 


TABLE | 
PHOTELOMETRIC DETERMINATION OF INORGANIC SULFATE 


: : STANDARD 
20% 1% AVG. READINGS 


STAND. HO GEL. A DEVIATION 
( ccl,cooH Bacl, FOR 20 EXPTS. 
C.C. 628. pd C.C. . OF MEAN 

C.C. C.C. ys ‘ 
Y S 

0 6.6 0.4 ] ss 2 a 94.79 — O52. — 
l 5.6 0.4 l 2 89.41 0.68 
2 1.6 0.4 1 2 85.77 0.47 
3 3.6 0.4 l 2 82.46 0.75 
} 2.6 0.4 l 2 79.59 0.84 
5 1.6 0.4 l : T6.89 0.75 
6 0.6 0.4 l 2 75.34 3.90 


Determination of Sulfate in Filtrate-—Transfer 7 ¢.c. of this diluted filtrate 
the small-sized test tube used in the sulfate determination, and add 1 @e. 
‘latin and 2 ¢.¢. 1 per cent barium chloride ten minutes apart as previously 
‘seribed. After a ten- to thirty-minute period the barium sulfate cloud formed 
read in the photelometer. 

There are two controls for each set of determinations. One, which econ- 


ins the filtrate and gelatin but no barium chloride, is used to determine a 
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cloud which may already be present in the solution due to a slightly cloudy 
filtrate. If this is present, its value must be subtracted from the reading 
obtained for the barium sulfate cloud. A cloudy filtrate is avoided if care is 
taken not to disturb the protein precipitate when rinsing the walls of the 
centrifuge tube. In no case in the series of experiments recorded was a cloudy 
filtrate encountered. 

The other control used is identical to the one used in the sulfate deter- 
mination to detect the presence of any contaminating sulfate. This contains 
6.6 ¢.c. water and 0.4 ¢.c. trichloracetic acid instead of 7 ¢.c. of filtrate. 

Calculation for the inorganic sulfate is made in terms of mg. sulfur per 
100 ¢.c. of serum as follows: 

R x 24.5 x 100 


tx 0.175 
7 <2 1000 R x 0.175 


K represents the reading on the curve. 24.5 equals the total volume of 
diluted serum; 7 equals cubic centimeters filtrate; 2 equals cubic centimeters 
serum taken; 100 equals cubic centimeters serum in which the final value is 
expressed. 1000 translates gamma to milligrams sulfur. 


TABLE II 


PHOTELOMETRIC DETERMINATION OF TNORGANIC SULFATE IN SERUM, INCLUDING ALSO TWo 
DETERMINATIONS IN PLASMA 


(VALUES EXPRESSED AS S PER 100 c.c. SAMPLE) 


"SULFATE | SULFATE 








SAMPLE - a ADDED RECOVERED | a 
ie MG. MG. are 

i 0.902 | 40286 1303 =©| = S++ 9.6~—S=é<SLSté<(tsé«< Serum 
9 1.303 0.286 1.536 — 3.3 Serum 
3 1.269 0.573 1.703 75 Serum 
4 1.303 0.573 2.104 +12.2 Serum 
5 0.902 0.573 1.403 - 4.9 Serum 
6 0.868 0.573 1.303 9.6 Serum 
7 0.668 0.573 1.303 + 5.0 Serum 
8 0.935 0.573 1.403 — 7.0 Serum 
. (0.902 0.573 1.336 — 9.4 Plasma 
: }0.902 Serum 
10 {0.735 0.573 1.202 8.0 Plasma 

10.701 Serum 


Table II gives a series of determinations of inorganic sulfate in serum, 
showing also the amount of sulfur added in the form of ammonium sulfate in 
each case and the sulfate recovered. The determination of inorganic sulfate 
in two samples of plasma, obtained from citrated blood, is also reeorded with 
a comparative determination in serum from the same specimens. As shown 
in the table, the error varied from + 12 to — 10 per cent. 

This method may also be employed to determine the inorganic sulfate 
content of other biological fluids, such as tissue extracts. If the sulfate con 
tent is too great to be read on the plotted curve, a dilution of the protein-free 
filtrate may be made with a solution of trichloracetic acid (1 part trichlor 
acetic acid to 16.5 ¢.c. water). The chief value of this method lies in the eas« 
and speed with which determinations may be made. It has proved especiall) 
useful in working with tissue extracts under experimental conditions in whic! 
changes of sulfate content are of the order of several hundred per cent and : 











CONANT: SERIAL DIAGRAMS FOR MEDICAL FORMS 627 


number of unknowns are carried out simultaneously. Its accuracy is only 
slightly less than more laborious methods. 
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SIMPLIFYING SERIAL DIAGRAMS FOR MEDICAL FORMS 


JAMES S. Conant, M.D., Houtsvin.e, N. Y. 


RAPHIC descriptions of the progress of various anatomic lesions have 
long simplified the compiling of results in various medical series. As a 
rule, however, the expense of having a series of special cuts made and the 
printing charges discourage such treatment of some experimental studies and 
the results are likely to lose some of their clarity. For this reason, a method 
was sought to simplify the cut problem and yet produce clean cut, identical 


serial diagrams. 





After a sketch has been made of the organ or region that is to be dupli- 
cated—prostate, larynx, heart, lungs, ete.—and the size determined, a metal 
it is made by bending strips of 1g inch tin into the proper shape and solder- 
¢ them upside down to a flat piece of tin mounted on a wood block. It is 
en placed against the flat side of an emery wheel to level the cutting edges, 
ter which the edges are filed quite narrow. 
The form is now outlined and typed on a mimeograph stencil, and im- 
pressions are made in the proper places by tapping the cut several times with 
lammer. 
These impressions are much cleaner and more exact than line! drawings 
ov a stencil. The cuts also have the added advantage of use for odd reports 
when inked with a stamp pad and a blotter placed under the paper. 





Received for publication, June 5, 1939. 








A SENSITIVE DROP RECORDER* 
H. A. SHOEMAKER, PH.D., OKLAHOMA Ciry, OKLA. 


HERE are several different methods for recording the flow of liquids when 
the rate is sufficiently slow to permit the liquid to fall from the outlet in 
Gibbs! has presented the essential features of the different types of 


drops. 
The ‘**Universal Mains Drop Recorder,’’ described by Win- 


drop recorders. 
ton,” makes use of a triode valve. It is sensitive but has the disadvantage of 
having one of the terminals of the signal magnet connected to the 110 volt 
current supply. There are possibly modifications in use where this is not the 
case, but we failed to find descriptions in the literature. 
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WIRING DIAGRAM for DROP RECORDER, 
A- ls Volt Dry Battery. R- 1000 Ohm Advance Relay. 
B- 45 Volt Radio B Battery. S- Switch. 
C- 43 Volt Radio C Battery. T- Type 31 Radio Tube. 


D- Terminals for Drop Contacts. SM- Terminals for Signal Magnet 
RES - 3 meg. Resistor. 


Fig. 1. 


With the help of two medical students, Mr. Sam Leslie and Mr. Noble 
Wynn, who are amateur radio enthusiasts, a recorder was built according to 
the diagram shown in Fig. 1. The parts can readily be obtained from an) 
good radio supply house and are comparatively inexpensive. The entire ap- 
paratus can be mounted in a small metal cabinet and thus facilitate moving 
Due to the use of batteries there is no danger of shock, such as is the case wit! 
the higher voltages. A very small amount of current flow between the ‘‘ Dro} 
Contacts’’ is necessary to actuate the relay and consequently the recorder can 
be used with very dilute solutions of electrolytes. In the case of viscid secre 
tions or fluids that may change in viscosity during the course of an experi 


*From the Department of Pharmacology, University of Oklahoma School of Medici: 


Oklahoma City. 
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ment, the method of displacement of a salt solution, described by Gibbs,! 
should be employed. 

The drop contacts described by Owen,* Biskind and Dan,* and Gibbs® ean 
be used with this apparatus. We use the arrangement given in Fig. 2. The 
necessary metal parts are mounted on a piece of bakelite, 6 by 15 by 65 mm. 
The actual contacts are of 22 gauge platinum wire and should be pointed or 
bent slightly upward in order to assure a positive contact with each drop. 

Any standard signal magnet designed to operate with 144 volts D. C. can 
be used, or the battery in this cireuit can be changed to permit the use of any 
signal magnet. 
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SPECTROCOLORIMETRY: ADAPTATION OF A COLORIMETER FOR 
EVALUATING ABSORPTION SPECTRA#* 


MARJORIE R. Marrice, Sc.M., CATHERINE F. GANNON, A.M., AND 
CarRL H. GREENE, M.D., Pu.D., New York, N. Y. 


NVESTIGATION of physiologic and pathologic pigments by means of the 

usual type of comparison spectrometer is frequently unsatisfaetory be- 
cause of difficulty in controlling light intensities and in varying the concen- 
trations of test solutions. Furthermore, the dispersion of the spectrum does 
not provide sharp absorption bands with those concentrations of abnormal 
pigments encountered clinically. A further disadvantage for the small labo- 
ratory is the cost of the instrument. 

To secure a comparison spectrometer which would be practical under 
routine conditions, a few alterations were made in a Duboseq colorimeter so 
that there would be no interference with its regular use, yet would permit its 
rapid and simple change into an instrument for observing and quantitatively 
measuring absorption spectra. In practice its usefulness has so far exceeded 
xpectations that its description for the benefit of others seems warranted. 

Although the principle is by no means new, specifie details are not readily 
ivailable. The spectroscope of the Kriss spectrocolorimeter,! which pre- 
umably can be applied to any colorimeter, provides a wave-length seale and 
ermits slitting down to a restricted region of the spectrum—both of which 
re important for certain types of precise analysis. Watson? mentioned em- 


> 


loving a ‘‘double spectroscope attachment for a colorimeter’? upon which 


*From the Laboratory of Pathological Chemistry, Department of Medicine, New York 
t-Graduate Medical School, Columbia University. 
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the manufacturer, at the present time, can furnish no information. Weiss* 
used similar equipment except that it possessed a wave-length scale. The 
apparatus to be deseribed is not intended for highly precise spectrocolor- 
imetric measurements, but is entirely suitable for use in the clinical laboratory 


for the purposes specified. 





Fig. 1. 


MODIFICATION OF THE INSTRUMENT 


The feasibility of the desired alterations depends upon either the utilization 
of material at hand or the selection of new equipment which can most easily 
be adapted to several uses. The spectrocolorimeter requires a fairly large 
field, such as that provided by the Bausch and Lomb colorimeter. Breadth of 
spectrum likewise is a necessity not offered by many hand spectroscopes. Ex 
perimentation with different models indicated that the most satisfactory was 
the direct vision spectroscope listed by Bausch and Lomb as No. 33-80-75. Its 
short length (72 mm. with the draw tube not extended) permits its insertion 
in place of the colorimeter ocular, where it is held by a supporting collar per- 
manently attached to the spectroscope. By means of the draw tube, the col 
limating lens can be foeused upon the slit (0.1 mm.) which is ruled on a 
silvered glass disk and is not adjustable. For the type of analyses described 
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later, it is felt that a fixed slit is imperative. The apertures are protected by 
cover glasses from dust and corrosion. The spectroscope is rotated into a 
position where the spectrum is bisected throughout its length from red to 
blue, thus allowing the absorption bands of a specimen placed in the right 
hand cup to be compared with a similar solution on the left. The instrument 
is convertible from a spectrocolorimeter to a colorimeter by lifting out the 
spectroscope and replacing the regular eyepiece. Such adaptability has 
proved to be a great convenience in routine laboratory work. 

The old-type, five-piece colorimeter cups required more fluid for compari- 
son than was usually available. Moreover, greater depth of fluid was desir- 
able than could be secured with the cups alone. The hollow, dark glass plung 
ers and cups of the Klett colorimeter were ideal for our purpose and had the 
advantage of being stock equipment in the laboratory. Acquisition of new 
Bausch and Lomb fittings for the old instrument would have entailed consider 
able expense and would not have provided the right type of plungers. Since 
the plungers on the Bausch and Lomb colorimeter were much larger than those 
from the Klett, a reducing bushing was made to hold them. To accommodate 
the Klett cups, the holes on the colorimeter stage had to be enlarged slightly. 


USES FOR THE SPECTROCOLORIMETER 


Measurement of Porphyrin Concentrations—In the original Dobriner 
method? a Goudsmit-Summerson photoelectric colorimeter® was used with a 
filter allowing the passage of light at 5,320 to 6,000 angstrom units. Subse- 
quently, Dobriner® discarded the colorimeter and employed a hand spectro- 
scope to study the intensities of the absorption, bands in a series of known and 
unknown solutions. This comparison was made in small test tubes by shelter- 
ing them against the light from the side while making spectroscopic observa- 
tions down through the solution. Obviously, inspection of both standard and 
unknown at the same time, rather than shifting from one to the other, would 
be a decided improvement from the standpoint of convenience as well as pre- 
cision. Use of a comparison spectrometer made this possible but required 
tedious adjustment of the tubes to obtain equal illumination and sharpness of 
absorption bands. The spectrocolorimeter, which has been described, ren- 
dered the comparison as simple as the use of an ordinary colorimeter. 

The stock standard, 1 mg. of coproporphyrin in 100 ml. of 5 per cent 
hvdrochlorie acid, or a suitable dilution thereof, is adjusted in the instrument 
to mateh the unknown extract. In the event of abnormally high concentra- 
tions, the latter may require dilution of the final 5 ml. volume to 10 or 15 ml. 
with 5 per cent hydrochloric acid. Either solution may be set at 20 mm. and 
the other varied until the intensities of the absorption bands are equal on 
both half fields. Although comparison is slightly more difficult than with 
simple color matching, remarkably close agreement in readings is obtainable. 

Three bands are possible, but only two are to be anticipated: a dense line 
in the green and a much weaker one in the yellow. The third may oceasion- 
ally be seen as an exceedingly fine line about midway between the other two. 
With a concentration of 10y per 5 ml., the two bands are readily discernible. 
At 5y per 5 ml, only the more dense band is visible through 40 mm. of fluid. 
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Below this concentration the band cannot be seen unless the hollow plungers 
are filled with solution also, thereby increasing the depth by approximately 
90 mm. When so used, it is imperative that the plunger wall be more or less 
impervious to light or that an efficient shielding device be employed. 

The stock standard keeps well in the refrigerator if preserved with a few 
drops of chloroform. When diluted with acid for comparison with normal 
urine specimens, its keeping quality is diminished. Attempts to use Hemato 
porphyrin-Nordmark for the preparation of standard solutions were unsatisfac- 
tory, not only because of difficulty in securing known concentrations, but also 
because of dissimilarity of the absorption bands. Urine extracts, once evaluated 
against the stock standard, have been refrigerated and used thereafter as known 
solutions. 

Detection of Abnormal Blood Pigments.—Although it is possible to obtain 
a rough estimation of hemoglobin concentrations by matching diluted specimens 
against known solutions, the method is not practical. The spectrocolorimeter is 
exceedingly useful, however, in distinguishing between methemoglobin and sulf- 
hemoglobin. With the advent of sulfanilamide and related types of chemo- 
therapy, the existence of sulfhemoglobin has been widely heralded. Only re 
cently has it been generally recognized that the bands characteristic of met- 
hemoglobin and sulfhemoglobin lie so close together that confusion in their 
identification may readily occur. Although the difference between these two 
pigments has been adequately described in the literature,” * separate viewing 
of the absorption spectra is not always convincing. With the spectrocolorim- 
eter, however, it is apparent to the most casual observer that the character- 
istic band of sulfhemoglobin is definitely nearer to the vellow region of the 
spectrum, while that of methemoglobin extends further into the red. 

It is impractical to specify a fixed dilution for examining blood for 
abnormal pigments since the concentration of hemoglobin in pathologie speci- 
mens varies so widely. The dilution should be such that it is possible to blot 
out the passage of light through the spectroscope when the solution is at its 
greatest depth in the colorimeter cup. It is rare indeed that methemoglobin 
reaches so high a concentration that its band in the red can be observed at the 
same time that the alpha and beta bands of oxyhemoglobin are separatel) 
seen. Sulfhemoglobin, on the other hand, is not infrequently detectable under 
these conditions. 

When the blood is abnormally dark in color but examination with a spec 
troscope fails to reveal a band in the red, the spectrocolorimeter can be used 
to advantage to demonstrate the presence of methemoglobin or sulfhemo 
vlobin. A sample of normal blood, suitably diluted, is placed in the left-han: 
cup and adjusted to a level which shows narrowing of the red portion of th 
spectrum by encroachment of shadow from both sides, but more particular! 
from the deep red. With abnormal pigment, gradual increase in the depth o! 
fluid in the cup leads to development of a definite shadow at the vellow en: 
of the red field. This shadow extends further into the red for methemoglobi: 
than for sulfhemoglobin. Gradual blotting out of all light reveals marke: 
differences between oxyhemoglobin and these abnormal derivatives. 
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The difference between the absorption spectra of carboxyhemoglobin and 
oxyhemoglobin is so slight that their distinction in the spectrocolorimeter is 
not to be anticipated except where an extraordinarily high concentration of 
the monoxide derivative is encountered. In the presence of 80 per cent car- 
boxvhemoglobin differentiation is readily made, but the characteristic color of 
this pigment is equally apparent to the unaided eve. Detection of carboxy- 
hemoglobin in the blood by spectroscopic means cannot be expected clinically 
in those eases where the concentration is consistent with life. 

Application to Congo Red Tests.—In determining blood volume by means 
of injected Congo red, it is possible for considerable hemolysis to exist without 
detection. This source of error is even more pronounced when this dye is used 
for the diagnosis of amyloid disease. It is a simple matter, however, with the 
spectrocolorimeter to introduce the solutions into the colorimeter cups and 
examine them for the characteristic bands of oxvhemoglobin. Congo red itself 
in the concentration used absorbs no light in this region. Once hemolysis is 
ruled out, the spectroscope is replaced by the colorimeter evepiece and the 
test completed as usual. 


SUMMARY 


1. Mechanical changes necessary for the conversion of a Duboseq colorim- 
eter into an instrument for observing and measuring absorption spectra have 
been deseribed. 

2. The adaptation is economical since permanent attachment of the spec- 
troscope is not required and the colorimeter is not altered so as to affect its 
routine use. 

3. The instrument is particularly well suited to the quantitative estima- 
tion of urine and fecal porphyrins. 

4. The difference between methemoglobin and sulfhemoglobin is readily 
demonstrable with the spectrocolorimeter. This is true of carboxyhemoglobin 
and oxvhemoglobin only in excessively high concentration. 

5. Both detection of hemolysis and determination of Congo red in blood 


volume and amyloidosis tests are possible with this instrument. 
After completion of this paper it was discovered that Boyd and Myers (J. Lab. & Clin. 
ed. 13: 10438, 1928) had employed a “spectrocomparator” embracing the principles described 
ein for the purpose of determining urobilin. 
We are greatly indebted to Dr. Konrad Dobriner for providing us with the stock solution 


porphyrin used in this study. 
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THE ESTIMATION OF SERUM PHOSPHATASE ACTIVITY WITH 
DISODIUM PHENYL PHOSPHATE* 


D. M. GREENBERG, PH.D., S. P. Lucta, M.D., ano H. G. Weirzman, A.B. 
SAN FRANCISCO, CALIP. 


ING and Armstrong" introduced the use of disodium phenyl phosphate for 

the estimation of the activity of serum phosphatase. This substrate is ad- 
vantageous because it is more rapidly hydrolyzed by the enzyme than the 
more commonly employed sodium beta-glycerophosphate. Furthermore, the 
liberated phenol, which has a greater chromogenic value, is more susceptible 
to ordinary colorimetric estimation than is the orthophosphate liberated from 
sodium beta-glycerophosphate. 

This paper presents a revised technique of the method of King and Arm- 
strong! for the determination of serum phosphatase. The technique was 
devised to increase the accuracy, simplicity, and clinical adaptability of the 
procedure. 

The important changes that have been introduced are as follows: 

1. The serum protein is removed from the sample by precipitation with 
trichloracetic acid after incubation and before the liberated phenol is esti- 
mated colorimetrically. The presence of the serum protein is undesirable 
because of the presence of the tyrosine residues in the protein molecules, 
which produce a considerable amount of color with the phenol reagent. Fur- 
ther, serum protein produces high values for the control tubes and makes the 
estimation of the phosphatase units in the sample less accurate. Also, it may 
cause turbidity when the phenol color is developed with sodium carbonate 
according to the directions given by King and Armstrong. 

2. To maintain the pH of 9,t which is optimum for the activity of the 
enzyme, the buffer system ammonium hydroxide and ammonium chloride is 
employed? in place of the expensive and rather unstable veronal buffer used 
by King and Armstrong. Buffer solutions of the required pH are prepared 
easily from solutions of ammonium hydroxide and ammonium chloride. The) 
will keep for long periods of time. 

3. Instead of a standard solution of phenol, the amino acid tyrosine is 
used as a colorimetric standard to estimate the amount of phenol liberated b) 
the action of phosphatase. The standardization of solutions of phenol fo: 
colorimetric use offers considerable difficulty. Pure erystalline tyrosine ¢a! 
be obtained readily, and standard solutions are prepared easily by weighin 


*From the Divisions of Biochemistry and Medicine, University of California Medi 
School, Berkeley and San Francisco. 
Received for publication, June 19, 1939. 


+It was determined by test that the serum phosphatase has its optimum activity at | 
9.0 to 9.2 in the presence of the ammonium hydroxide-ammonium chloride buffer system. 
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out the desired amounts of the dry amino acid. The phosphatase units are 
expressed in terms of the milligrams of tyrosine which give a color equiva- 
lent to the phenol liberated. 

The new phosphatase method does not present certain difficulties which 
may be encountered when the method of Bodansky* is used, wherein sodium 
beta-glycerophosphate is employed as the substrate. By the Bodansky method 
only a small amount of color is normally obtained from the liberated ortho- 
phosphate. This is difficult to estimate accurately by ordinary colorimetric 
procedures. If the Kuttner and Lichtenstein procedure is employed for deter- 
mining the orthophosphate, it is almost impossible to obtain colorless controls 
with the reagents.* 

REAGENTS REQUIRED 
Buffer Solutions: 

(1) 0.5 M ammonium chloride; 2.675 Gm. of pure ammonium chloride are 
dissolved in distilled water to 100 ml. volume, or 26.75 Gm. to 1 liter. 

(2) 0.5 M ammonium hydroxide: 28 ml. of C. P. concentrated ammonium 
hvdroxide are diluted to 1 liter, and the extract strength determined 
by titration with a standard acid solution using methyl red or methyl 
orange as an indicator. This should be kept in a stoppered flask to 
prevent loss of ammonia gas. 

(3) Buffer-substrate mixture: Introduce 1 Gm. of disodium phenyl phos- 
phate, 20 ml. of 0.56 M ammonium chloride, and 20 ml. of 0.5 M am- 
monium hydroxide into a 100 ml. volumetric flask. Dilute to volume 
with distilled water and mix. 

(4) 20 per cent trichloracetic acid: This is approximated by roughly 
weighing out 20 Gm. of the acid and making up to a volume of 100 ml. 

(5) 2 M sodium hydroxide: 8 Gm. of C. P. sodium hydroxide pellets are 
weighed out and dissolved in water to 100 ml. volume. 

(6) 1M sodium hydroxide: The 2 M sodium hydroxide is diluted with 
an equal volume of water. This is used to neutralize the trichlor- 
acetic acid introduced in the sample in order to precipitate the serum 
protein. Each batch should be titrated against the 20 per cent tri- 
chloracetic acid in order to determine the amount equivalent to 3 ml. 
of the acid solution. 

(7) Folin-Ciocalteu reagent:* This reagent is prepared in the following 
manner: Dissolve 100 Gm. of sodium tungstate (Na2WO,4.2H2O) and 
25 Gm. of sodium molybdate (Na2sMoO,4.2H,O0) in 700 ¢.e. of water in 
a 1,500 ¢.c. Florence flask. Add 50 ¢.c. of syrupy (85 per cent) phos- 
phorie acid and 100 ¢.ec. of concentrated hydrochlorie acid. Connect 
the flask with a reflux condenser by means of a cork or rubber stop- 
per wrapped in tin foil. Boil the solution gently for ten hours. At 
the end of this time, add 150 Gm. of lithium sulfate, 50 ¢.c. of water, 
and a few drops of liquid bromine. Boil the mixture without the con- 
denser for about fifteen minutes to remove excess bromide. Cool, 
dilute to 1 liter, and filter. The finished reagent should have no 


*Portions of the Folin-Ciocalteu reagent sufficient for a day or two may be diluted 1:2 
W water, or the reagent may be used in the concentrated form. 
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vreenish tint. It should be kept well protected from dust, because 
organic materials will gradually produce slight reductions. 

(8) Standard tyrosine solution (5 e.e. 1 mg. tyrosine): 100 mg. of 
pure dry tyrosine are accurately weighed and dissolved with approxi- 
mately 0.1 M hydrochlorie acid solution to a volume of 500 ml. in a 
calibrated volumetric flask. A drop of merthiolate may be added to 


inhibit the growth of mold. 
PROCEDURE OF ANALYSIS 


Sample of Blood —¥ ive milliliters of blood are drawn from an arm in the 
usual manner without the addition of an anticoagulant. The blood is allowed 
to clot and then centrifuged, and if necessary recentrifuged, so that a serum 
free from suspended cells may be collected. Care must be taken to avoid 
hemolysis. The separated serum may be stored in a refrigerator for a period 
as long as a week without any significant change in the phosphatase activity. 

Analysis—Two 10 ml. portions of the buffer-substrate mixture are pipetted 
into rubber-stoppered 15 ml. test tubes. These are placed in a 37.5° C. water 
thermostat for about five minutes, to bring the substrate to this temperature. 
Next 0.5 ml. of the test blood serum is added to one of the tubes and mixed 
with its contents. Both tubes are incubated for exactly one hour at 37° C. 
The second tube, containing the incubated substrate, is used as a control. 
After incubation both tubes are removed and placed in an ice bath, or chilled 
in a refrigerator for at least ten minutes. After chilling, the serum protein 
should be precipitated with 3 ml. of the 20 per cent trichloracetic acid. About 
five minutes after addition of the acid the tubes are centrifuged to separate 
the precipitated protein. The supernatant liquid is carefully decanted off the 
protein sediment. 

Control.—The control is prepared by adding 0.5 ml. of normal serum to the 
test tube containing the incubated substrate, and chilling. Then the serum 
protein is precipitated with 3 ml. of 20 per cent trichloracetic acid. The test 
tube is centrifuged as above, and the supernatant liquid collected. 

Comparison.—Into 10 ml. volumetrie¢ flasks are pipetted 5 ml. aliquots of the 
supernatant fluid from the control and test sample. Then 1.0 ml. of the 1.0 M 
sodium hydroxide is added from a burette to neutralize the acid present. (The 
exact amount of alkali required may be determined by titrating again a 3 ml 
portion of trichloracetic acid, using phenolphthalein as an indieator. This 
need be done only once for each fresh batch of alkali and acid.) Next is 
added 1 ml. of 2 M sodium hydroxide and 0.6 ml. of the concentrated Folin 
Ciocalteu reagent or 2 ml. of the reagent diluted to one-third with water. The 
volumetric flask is filled to the graduation mark with distilled water, and 
the contents are mixed. 

To cover the usual range of phosphatase activity, it is desirable to pre- 
pare at least two standard solutions for comparison. Into 50 ml. volumetr 
flasks are pipetted 2 ml. and 5 ml. of the standard tyrosine solution. To this 
is added about 20 ml. of water, 5 ml. of 2 M sodium hydroxide, and 3 ml, of 
concentrated Folin-Ciocalteu reagent or 9 ml. of diluted reagent. It may 


necessary at times to use other ranges of tyrosine concentration. 
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The incubated sample and the control are compared in the colorimeter 
with the appropriate tyrosine standard. 

Calculation of Phosphatase Activity.—The phosphatase unit is defined as 
the amount of enzyme which will liberate a quantity of phenol from 100 ml. 
of serum in one hour incubation under the described conditions, eiving a color 
equivalent to that produced by ] me. of t\ rosine. The tvrosine equivalent of 
the control is subtracted from that of the ineubated serum. The difference 
expresses the t\ rosine equivalent of the test sample. 

The caleulation may be expressed by the following equation : 

Reading of Standard 


108 > > . =—— x me. Tyrosine in standard Tyrosine value. 
Reading of Unknown 


The tyrosine values of both test and control samples are calculated. 
Then: (Tyrosine value in me, per 100 ml. of test Tyrosine value in me. 


per 100 ml. of control Phosphatase units. 


The factor 108 is derived from a combination of the volume relations of 
the various steps in the procedure. If the volume of the sample or of the 
standard solution is altered, then the factor 108 must be altered correspondingly. 

Sera With High Enzyme Content.—As the hydrolytie products of the phos- 
phate reaction accumulate, they retard the velocity of the reaction.! This pro- 
duces an error in the measurement of the phosphatase units. To minimize this 
error, sera Whose phosphatase content is known to be high should be diluted with 
normal saline (usually an equal volume) so that the number of units per 100 


ml. of the diluted serum will not be in exeess of 60. 


DISCUSSION 


The Phosphatase Unit. Like King and Armstrone,' we considered it 
undesirable to introduce a phosphatase unit that would give values varying too 
ereatly from those already reported. The conditions of the present method 
were adjusted so as to give sufficient color to the samples and, at the same time, 
to give a phosphatase unit which in normal subjects would yield phosphatase 
values of the same magnitude as those reported by King and Armstrong,! which 
ire approximately the same as those of Jenner and Kay.® and about twice as 
rreat as those obtained by the Bodansky method.* 

The Time Factor in the Rate of Liberation of Phenol.—A series of tests 
howed that, for time periods varying from thirty to ninety minutes, the amount 

phenol liberated was very nearly directly proportional to the time. The 
eriod of one hour was selected for the present work because in that time an 
lequate amount of color is produced with about 0.25 ml. of serum, and the 
rosine phosphatase values are nearly equivalent to those of King and Arm- 
‘ong. 

If it is necessary that the incubation period be more or less than the stand- 
| time of one hour, then the phosphatase values can be corrected by direct 
portion. 


*The relationship between the chromogenic values of tyrosine and phenol was determined. 
er similar conditions, the color yielded by 1 mg. of tyrosine was found to be equivalent to 
i mg. of phenol. 
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ANALYTICAL RESULTS ON THE BLOOD OF NORMAL AND PATHOLOGIC SUBJECTS 


The method for phosphatase estimation described has been used in this 
laboratory for the past two years, and has been evaluated on the blood of nor- 


mal and pathologie subjects. 


TABLE I 


COMPARISON OF SERUM PHOSPHATASE VALUES OF NORMAL SUBJECTS BY VARIOUS METHODS 


~ RATIO 





SUBJECT TYROSINE | JENNER AND BODANSKY TYROSINE UNITS 
UNITS KAY UNITS UNITS BODANSKY UNITS 

Tu (1) 64 "| “$0 —— 39 1.6 ‘s 

Te (3 5.9 | 3.0 2.0 

Gl 5.0 3.6 1.4 

Wei (1 5.3 5.7 3.5 1.5 

Wei (2) 7.0 4.1 1.7 

Car 6.0 5.6 3.8 1.6 

Du (1) 3.3 4.2 Be 1.8 

Du (2) 6.2 3.5 1.8 

Edw 5.7 4.1 2.4 2.4 

To 6.2 5.6 4.0 1.6 

Ta 9.1 7.2 iP 1.3 

By 6.7 4.2 $.0) 1.7 

Wi 6.8 5.2 3.2 2.) 

Ka 6.4 6.0 4.3 15 

Co 7.5 5.2 ‘.3 ..7 

Le 7.6 7.8 t.4 ey 

Cas 10.1 8.9 5.4 1.9 

Ha 7.2 KD | 1.9 

Tom 3.3 Be | 1.9 

Fi 6.0 2.4 25 

Kah 7.2 7.6 3.5 2.0 
Number 21 ‘- 14 r 21 - 21 
Lowest value 3.1 4.1 wy 1.3 
Highest value 10.1 8.9 7.2 2.5 
Arith. mean 6.4 6.0 Ot ' 1.7 


*The numbered values represent repeated determinations on the same subject. 


Normal Values.—The phosphatase values obtained by the present method 
were compared with those obtained by the method of Bodansky and that of 
Jenner and Kay. The subjects were young adults, both male and female 
graduate students. The results are recorded in Table I. Twenty-one estima- 
tions showed a range of between 3.1 to 10.1 units, with an average of 6.4. In 
these subjects the Bodansky method gave a range of between 1.7 and 7.2 units, 
with an average of 3.7. The average ratio between tyrosine units and Bodan- 
sky units was 1.7. In 14 subjects the Jenner and Kay method yielded a range 
of 4.1 to 8.9 units, with an average of 6.0. This demonstrates that the unit 
value of the present method agrees closely with the values of King and Arm 
strong and Jenner and Kay. The values marked (1) and (2) on the same 
subject represent repeated determinations at varying intervals of time. 

Values in Pathologie Conditions —The many recent studies on phosphatass 
have shown that an increase in the phosphatase activity of blood serum occurs 
in certain diseases of the bone and in certain types of jaundice. Increased phos 
phatase values have been found in osteitis deformans (Paget’s disease 0! 
bone),*: 71! in osteitis fibrosa cystica,® 1! and in cancer with osteoplasti 
metastases.*: 7 5 15-26 Tn the osteoplastic type of bone sarcoma the plasm: 
phosphatase was found to be particularly high, whereas it remained abou 
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TABLE II 


SERUM PHOSPHATE VALUES IN DISEASES WirH BONE INVOLVEMENT 


amare | TYROSINE  BODANSKY | _— oe 
SUBJECT eed PAE RATIO | DIAGNOSIS 
UNITS UNITS | 


| 


A. Paget’s Disease (Osteitis deformans) 
T.A. (1) 97.3 ~ 38.4 2.1 


aw 
tm (3) 98.9 38.3 2.6 
L. L. 8. 35.5 20.9 | Rad 
is Gita (i) $5.1 16.9 2.7 
L.G.L. (2) 18.0 16.4 2.9 
L. H. 30.0 
. es 20.9 
K.N. 19.3 | 
M. G. 6.6 2.4 2.7 
EF. O. 26.0 
S. H. 18.6 
4. B. 23.0 10.3 Ze 
Number 12 7 7 
Lowest value 6.6 2.4 Ly 
Highest value 98.9 38.4 2.9 
Arith. mean 40.8 | 20.5 2.5 


B. Hyperparathyroidism (Osteitis fibrosa cystica) 


N. G. 22.3 9.2 2.4 
KE. W. 21.4 i 9.1 2.4 
Arith. mean 21.9 9.2 2.4 


| 


C. Various Diseases Demonstrating Involvement of Bone and Abnormalities of Calevwwm 
Metabolism 


|Desmoid tumor of bowel 
Multiple bone tumor 


» a 0.2 1. ed 
J. 8. 6.9 4.2 pm iGiant tumor of tibia 
M.D 6.5 4.3 1.5 \Osteomyelitis of spine 
K.R Ou4 3.0 1.1 |Osteoporosis 
M. A. 6.1 2.3 2.7 |Osteoporosis 
A.C. 12.7 | Osteoporosis 
CFS 11.3 | Hodgkin *s disease of bone 
rs 9.7 Ankylosis of hips 
C. H 6.8 ‘Intracranial lesions 
.. O. 33.7 |Osteoporosis 
DS. (1 9.9 4,8 2.0 |Nephrolithiasis 
D.S. (2 11.7 4.9 2.4 |Nephrolithiasis 
Ge 11.2 4.8 2.3 |Nephrolithiasis 
L. 8S. $1.5 14.6 2.8 \Plasma cell myeloma 
Number 14 9 9 
Lowest value 3.4 1.5 1.1 
Highest value $1.5 14.6 3.7 
\rith. mean 11.9 $.9 2.2 


mal in the osteolytic type of bone sarcoma, multiple myeloma, endothelial 
veloma, chondroma, and chondrosarcoma. 

The serum phosphatase also has been found to be high in obstructive 
undice, acute hepatitis, and hepatic cirrhosis.'7*! It remains normal in 
tarrhal, infective, and hemolytic jaundice. 

In the present study, samples were taken from 10 subjects with conditions 

(iagnosed as Paget’s disease of the bones, from 2 patients with hyperpara- 

‘roidism, and from 13 patients with various diseases of bone and abnormali- 
tics of calcium metabolism. The results are given in Table II. In Table II A 
are tabulated the cases of Paget’s disease. The phosphatase values found in 
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TABLE III 


SERUM PHOSPHATASE VALUES IN DISEASES WirHout BONE ok CALCIUM INVOLVEMENT 


rYROSINE BODANSKY , 
SUBJEC! RATLO DIAGNOSIS 
UNITS UNITS | 


A. Diseases Accom panied by Icterus 


Portal cirrhosis 


A. M. R. 56.1 Obstructive jaundice 

W.G. M. 58.3 Ky 1.6 Cirrhosis of liver 

S. KR. tS. 26.8 1.8 Cirrhosis of liver 

ma 2. 3O.8 Carcinoma of liver 

H.C. 11.5 ea) 2.) {Hypertrophic biliary cirrhosis 
J. L. 5.6 ol LS Acute hemolytic icterus 
Numbet 6 } | 

Lowest value 5.6 Sul 1.6 

Highest value 58.3 Sy & 2.1 

\rith. mean 28.3 18.2 LS 


B. Various Diseases Without Bone Involvement on lbnormalities of Calcium Metabolism 


N.H. 11.2 $3 2.6 Undulant fever 
S. R. oe] 2.0 1.6 Duodenal ulcer 
M. 1 Dee 5.1] 1.0 Senile purpura 
Ba @. €8) 8.7 1.6 1.9 Paroxysmal nocturnal 
| hemoglobinuria 
A. J.. (2 9.5 3.9 2.4 
c. -. 1.5 3.6 1.2 Polyeythemia hypertonica 
tg l 6.5 1.4 1.5 Silicosis 
PP. 6.9 9.6 1.2 
S. T. 10.4 7.4 1.4 Myotonia congenita 
a. 3. 5.9 5 5 L.S Diabetes mellitus 
M. [. 6.9 3.1 2.2 Hyperthyroidism 
E.P 8.9 6 1.4 Erythromelalgia 
C.0. (1) t.1 : 
CLO 2) 5.7 L.3 1.4 | Anxiety neurosis 
G.B 8.2 $.5 1.9 Chronic glomerular nephritis 
AS. P. 29.6 22.9 14 Syphilis 
Numbet 16 15 15 
Lowest value 3.1 2.0 1.0 
Highest value 29.6 22.2 t.4 
a) } 1.6 


Arith. mean 8.45 


this condition were high in every instance except one. The ratio of tyrosine 
units to Bodansky units in this series of cases averaged 2.5. 

Table II B shows the results obtained in 2 patients with hyperparathy- 
roidism, in both of whom the values were about three times the normal mean. 
Results obtained in the series demonstrating abnormalities of calcium metabo- 
lism and diseases of bone are vive in Table ©. These results are in agree 
ment with those obtained in the work already cited. Only in one case of 
plasma cell myeloma and in another with decalcification of unknown etiology 
was there a marked increase in the serum phosphatase. The 2 persons with 
nephrolithiasis listed in the table are of interest because of the singular!) 
close agreement between the phosphatase values of the two. 

Table III A shows the phosphatase values of serum samples obtained fron 
patients with icterus. These, too, are in agreement with the observation 
recorded in the literature. In cirrhosis and obstructive jaundice there is 
great increase in the phosphatase value of the serum. In acute hemolyti 


icterus the plasma phosphatase is normal. 








pee 





GREENBERG ET AL. : ESTIMATION OF SERUM PHOSPHATASE ACTIVITY 641 


In Table Il] B are recorded the phosphatase values for a number of pa- 
tients with various diseases without bone involvement or abnormalities of 
calcium metabolism. With the exception of high values in a case of syphilis, 
the results obtained fell fairly well within the range of values found in the 
groups of normal controls. The average of the ratios of tyrosine units to 
Bodansky units in this group of patients is nearly the same as that found in 


the group of normal subjects. 
SUMMARY 


1. A revision of the serum phosphatase method of Kine and Armstrong, 
in which disodium pheny! phosphate is used as the substrate, is presented. 

2. The revised method eliminates certain sources of Inaccuraey, It is 
simpler, and is especially well suited for clinical use. 

3. The phosphatase values obtained by the new method agree in general 


with those previously obtained by other methods. 
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A COMPARATIVE STUDY OF BLOOD AND SPINAL FLUID BY THE 
KAHN, KLINE, AND LAUGHLEN TESTS* 


LeEsuIE E. Tascuner, B.S., M.T., Meprca, LAKE, WASH. 
INCE Laughlen' described a new flocculation test for syphilis in 1935, 
attempts have been made by many workers to determine the reliability 
of this test as compared with other well-known methods, namely, Wassermann, 
Kahn, and Kline. 

In his first report Laughlen' found that his test gave 98 per cent agree- 
ment with the Wassermann test, and 99 per cent agreement with the Kahn 
test, using a small number of specimens—400 blood and 20 spinal fluid samples. 
Later he? studied over 5,000 ward specimens, comparing the Laughlen with 
the Wassermann, Hinton, and Kahn methods. On the first 2,000 specimens 
examined, agreement with the Wassermann test was 97 per cent, and with the 
Kahn 98 per cent. The complete report showed an agreement with the Was- 
sermann of over 98 per cent, and with the Kahn 99.4 per cent. Laughlen’s 
original work has been confirmed by several groups of workers. Robinson and 
Stroud* performed the Laughlen, Wassermann, and Kahn tests on 1,000 sera. 
They found 93 per cent agreement between the Laughlen and Wassermann 
tests, and 97 per cent agreement between the Laughlen and Kahn tests. 
Muether and Greutter,* after performing 1,000 tests on blood say, ‘‘The 
Laughlen test is slightly less accurate than the Kahn test and compares fairly 
well with the Kline test.’’ Craig and Callaway® found on 1,000 patients that 
the Laughlen test agreed with the Kahn and Wassermann tests in 91.8 per cent 
of their cases. With the Wassermann test alone there was agreement in 91.8 
per cent. With the Kahn test alone 99.8 per cent agreement was obtained. 
Breazeale, Greene, and Harding® performed the Kahn, Eagle, Ide, Kline, and 
Laughlen tests on 1,000 sera. A comparison of the results showed that the 
agreement between the tests varied from 98.4 per cent to 99.5 per cent. Over 
10 per cent of their sera were tested by three other laboratories using the Was 
sermann tests. There was agreement in 94.5 per cent of the cases. Usher’s‘ 
work with the Laughlen test led him to conelude that it was less specifie than 
the Wassermann and Eagle tests, and when the sensitivity of the reagent was 
reduced enough to eliminate false positive reactions, it failed in a large numbe! 
of cases to detect positive sera which gave a positive reaction to the Eagl: 
flocculation test. Flood and Mayer® found that the Laughlen and Ide tests 
were in agreement with the standard tests—Kline, Kahn, and Kolmer—i! 
about 81.95 per cent of 1,025 cases and on 67.93 per cent of 711 specimens o 

*From the Laboratory of the Eastern State Hospital, Medical Lake 
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known syphilitics. These various studies caused an editorial® and a current 
comment'® warning against the use of the Laughlen test by untrained people. 

The present study was undertaken to compare the Laughlen test with 
the Kahn and Kline tests. The three tests were used routinely on all sera 
and spinal fluids in this report. Over 20 per cent of the sera and spinal fluids 
were tested by another laboratory,* using the Wassermann test. There was 
agreement in over 99 per cent of the cases. Patients used in this study were 
principally those admitted to this hospital. To a small extent the patients 
were those under treatment in the Syphilis Clinic and were known syphilities. 

It was decided to perform the Kahn, Kline, and Laughlen tests on at least 
1,500 blood samples and 1,000 spinal fluid specimens. The Kahn and Kline 
tests are used routinely in this laboratory. A group of 150 bloods and 150 
spinal fluids were performed by the Laughlen test as a preliminary step in 
order to familiarize myself with the test before running the larger series. 
Positive and negative controls were run throughout this study. All tests were 
done personally. The sera in these tests were inactivated at 56° C. for thirty 
minutes. 

The Kahn precipitation test was performed as described by Kahn." The 
antigen, a cholesterolized one, was purchased from Sharp and Dohme Co. The 
Kline diagnostic tests were done as described by Kline.!? The antigen and 
reagents for its use were purchased from La Motte Co., Baltimore. All the 
Laughlen tests were run as described by Laughlen.' The Laughlen antigen was 
prepared from a cholesterolized Kahn antigen, using scharlach R dye. Great 
care was used in preparation of the Laughlen antigen following Laughlen’s' 
directions. Good results were usually obtained after a little practice. 

A total of 1,547 serum tests and 1,002 spinal fluid tests were done in this 
series. Table | shows the number of tests performed for each method used. 
The Wassermann tests shown in all the tables are presented for comparison, 
indicating that over 20 per cent of the tests were checked in a separate 
laboratory. All tests are in close agreement with those shown in Tables II 
and ITT. 

TABLE I 


ToTAL NUMBER OF TESTS 



































WASSERMANN KAHN 7 KLINE LAUGHLEN 
Blood tests - 392 1,547 1,547 1547 
Spinal fluid tests 207 1,002 1,002 1,002 
TABLE II 
COMPARISON FOR SPECIFICITY 
£ WASSERMANN | _ KAHN ] KLINE | LAUGHLEN 
Blood tests |Positive tests 163 365 364 352 
Negative tests 229 1,182 1,183 1,195 
Spinal fluid |Positive tests 74 251 254 245 2 
ests Negative tests 133 751 748 757 





*Washington State Department of Health, Seattle. 
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TABLE III 


COMPARISON FOR SPECIFICITY 


WASSERMANN | KAHN KLINE | LAUGHLEN 

Blood tests |Positive tests 163 - 164  #| £4162 #&| #4161 
Negative tests 229 228 230 23 
Spinal fluid | Positive tests 74  _—_ — = 73 
tests Negative tests 133 32 134 134 


DISCUSSION 

If it were possible to obtain 100 per cent results in all the methods used, 
each method should give 367 positive sera, 1,180 negative sera, 253 positive 
spinal fluids, and 749 negative spinal fluids. It was assumed that when a ma- 
jority of the tests performed on a sample of blood or spinal fluid gave the 
same result that result was the correct one. Any test not agreeing with the 
majority of the tests run on a given sample was considered wrong unless 
proved otherwise by repeated tests on samples from the same patient. 

Of the methods used in testing the sera, the Kahn test showed only 4 false 
tests, the Kline showed 5 false tests, and the Laughlen gave 17 false tests. 
In the spinal fluid examinations the Kline gave the best results, with just one 
false test. The Kahn was next with three errors. The Laughlen test was last 
with 10 tests that were wrong. In both the sera and the spinal fluid examina- 
tions the Kahn and the Kline were over 99 per cent accurate in regard to 
specificity. The Laughlen was slightly below, with an accuracy of more than 
YS per cent. 

The agreement between the Laughlen, Kahn, and Kline tests obtained in 
this work is higher than that reported by most authors. This may be ex- 
plained by the following reasons: 

1. Preliminary experience in performing the tests was secured by testing 
a group of one hundred or more before applying it in the present compara- 
tive study. 

2. Well-known antigens, properly standardized, were used in all the work. 

3. Great care was used in preparing the Laughlen antigen. In doing this 
I found that the total time in doing the Laughlen test was nearly as much as 
was needed for the Kahn and Kline tests. 

4. All the individuals that had had syphilis had the disease for years. 
There were no cases of primary or secondary syphilis. Many of these patients 
had had no treatment. Some of them had been insufficiently treated, having 
received only a few injections of heavy metals. A few of them were unde! 
treatment for vears before commitment, and still gave a strongly positive test 
for syphilis. 

CONCLUSIONS 

The Laughlen test is slightly less specific than the Kahn and Kline. 

To secure accurate results the time needed to perform the test is nearl) 
the same as that needed for the Kahn and Kline tests. 

Inexperienced workers should not use the Laughlen test for the diagnos! 
of syphilis. 


I am indebted to Dr. Harry N. Roback for his kind advice, criticism, and helpful su 
gestions throughout this study. 
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THE LANGE TEST 
ILL. Tre Use or tHE PHOTELOMETER IN MAKING LANGE Test READINGS 


E. R. Jounson, R. M. AupDE, AND C. H. Sorum 
MADISON, Wis. 


LL clinical laboratories visited by us rely on direct visual observation in 
A deciding the colors obtained in the Lange! test. Although the experi- 
enced technician is able to decide very accurately whether the color is a 0, 1, 
2, 3, 4, or 5, the less experienced operator is not always so certain of his read- 
ings. Hence, it would appear to be desirable to trv to develop a convenient 
and accurate mechanical method for measuring the colors. This study sum- 


marizes results obtained using a photelometer for making Lange test readings. 


THE PHOTELOMETER 

A standard Cenco-Sheard-Sanford Photelometer, described in detail in Bul- 
tin No. 104 of the Central Scientific Co., was used. <A special carrier built 
» hold eleven 16 mm. « 55 mm. pyrex test tubes was used in place of the ree- 
ngular absorption cell provided with the instrument. This carrier was 
ounted on a track in such a manner that it could be easily moved back and 
rth and could be locked in position so that the beam of light would pass 
‘ough the center of the particular test tube being examined. 


EXPERIMENTAL 
Using sols prepared by the nuclear formaldehyde method of Glasoe and 


Scrum? and the sodium citrate method of Borowskaja,* the authors ran Lange 
ts on available paretic and syphilitic spinal fluids. The tests were read 
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with the photelometer, and the corresponding visual readings were taken. 
The results are shown in the form of graphs (Figs. 1 to 7). The photelometer 
readings are represented by dots, and the curve is drawn as a solid line. The 
visual readings are represented by crosses, and the curve drawn with a broken 








line. The time given is the time elapsed between the addition of the gold sol 






and the photelometric reading. The visual readings were taken one to one 





and one-half hours after mixing. 
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Lange test reading with syphilitic fluid. 





Fig. 7. 





To determine the influence of time on the photelometric readings, the first 
tests made with the photelometer were read at two-minute intervals for the 






first twenty minutes, then at longer intervals up to five hours. The charac- 
teristics of the curves did not change after the first fifteen minutes. There- 
fore, most of the readings were taken fifteen to thirty minutes after mixing. 








CONCLUSIONS 







The results obtained in these experiments indicate that the photelometer 





provides a very sensitive and accurate method for making Lange test readings. 
Its use enables the less experienced operator to make fine differentiations of 






color that are not possible with direct visual readings. In particular it makes 


possible the detection of even slight differences in the color of gold sols; as 






such it is an invaluable tool in Lange test research. However, in practical! 
clinical work, where the general form of the curve and the relative colors of 
the solutions are more important than the actual colors, the use of the 
photelometer appears to have no advantage over the visual method. 
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A TRIPLE SUGAR-FERROUS SULFATE MEDIUM FOR USE IN 
IDENTIFICATION OF ENTERIC ORGANISMS* 
S. Epwarp SULKIN, PH.D., AND JoSEPH C. WILLETT, D.V.M. 
Sr. Louts, Mo. 


HE need for a simple practical medium to be used in teaching and public 

health laboratories for the differentiation of the colon-typhoid-dysentery 
group is evidenced by the numerous culture methods described for the isolation 
of this group of organisms. A simple medium which would afford a maximum 
amount of information in a minimum time is most desirable. Several examples 
of such media have been described. Russell,' for example, devised a simple 
medium containing nutrient agar, lactose, glucose, and an indicator, for differ- 
entiation between the lactose-fermenting and nonlactose-fermenting gram-nega- 
tive bacilli. Krumwiede and Kohn? later modified this medium by introducing 
a third sugar, saccharose, in order to obtain more information in a single 
medium. Kligler* described a simple medium containing lead acetate for the 
detection of hydrogen sulfide which could be successfully combined‘ with the 
Russell double sugar medium. The medium of Kligler did not receive wide- 
spread use in publie health laboratories; subsequently the method of its prep- 
aration was simplified by Bailey and Lacy,® who determined the optimum 
temperature for mixing the ingredients of the medium, and the best method 
for its sterilization. 

The use of iron salts for the detection of hydrogen sulfide has been reeom- 
mended by a large number of investigators, including Treece,® Wilson,’ Beck- 
with and Moser,* Levine, Vaughn, Epstein, and Anderson,’ Zobell and Felt- 
ham,'® and others. Bismuth has been recommended as an indicator by Pacheco 
and Toledo Mello,"! and more recently by Hunter and Crecelius.’? 

In the selection of a suitable indicator system for detection of hydrogen 
sulfide, one must take into consideration several factors, including toxicity, 
sensitivity, and distinetness of color change. Although it is not clear that 
evolution of hydrogen sulfide from media containing proteins is necessarily 
evidence of the reduction of sulfur-containing compounds, one must also 
consider the available source of sulfur in selecting a suitable indicator system. 
Bacteria which produce hydrogen sulfide seem to do so more freely if cystine 
or other sulfur-containing compounds (taurine, sodium sulfite, sodium thio- 
sulfate, thiourea) are added to the medium. 

Several experiments were performed to determine the relative sensitivity 
of ferrous sulfate, ferric ammonium citrate, and bismuth citrate, using several 
Strains of freshly isolated organisms, and a large number of strains of the 





*From the Laboratories of the St. Louis Health Division. 
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TABLE I 
HYDROGEN SULFIDE REACTIONS IN MEDIA CONTAINING DIFFERENT INDICATORS 


MEDIUM 1 MEDIUM II MEDIUM III 
= et ea FERRIC } 
: FERROUS SULFATE | ac a 
NUMBER . ; s AMMONIUM CITRATI 
: AND SODIUM | : ‘ 
NAME OF ORGANISM OF : SENS AND SODIUM 
THIOSULFATE | 
' 


BISMUTH LIQUOR* 














STRAINS THIOSULFATE 
IS | 24 | 36 | 48 | 18 | 24 | 36 | 48 | 18 | 24 | 36 | 48° 
HR. | HR. | HR. | HR. | HR. | HR. | HR. | HR. | HR. | HR. | HR. | HR. 
E. typhosa ~ WP 12 0 Si @tmrtrttetetrtmaet fi of; Oo 
E. typhosa 30 28 2 0 0 | 26 1210181 « 1 0 
S. paratyphi 9 0 0 0 0 0 0}; Oo] 0 tT 2 | 0} 0 
S. schottmiilleri t 4/ 0}; O| O| 4] OF O 0 4] 0 0 0 
S. hirsehfeldii | l 0 0 0 | 1] 0 0o| 0 | @L SO 0 
Shig. dysenteriae 3 0} O 0} O 0 0o!| 0 Oo} 1 1] 0 0 
Shig. paradysen 5 0 0 0 oi ¢@ef1e? © 0 | 0 2 | 1 | 0 
teriae (Flexner) 
Shig. paradysen 2 Oo! o!}| oO} 0 Oo} 0 0 0; 0 0] 1 0 
terine (Hiss be ie be | | 
Russell ) Log } | 
S. suipestifer 1 0 0 0 0 0; oO} O 0} O 0; Oo| O 
S. aertrycke 9 8 1; O 0 9} 0} O o!| 9 | 9 | 0! 0 
S. morgani 1 0 0 0 0 0 0 0 0 0 | 0 0} 0 
S. anatum o ° 0 ft) 0 9 1 0 0 3 0 0 0 


*The bismuth liquor consisted of a 3 per cent stock solution of bismuth citrate (Merck 
U.S.P. VIII), prepared as suggested by Hunter and Crecelius.” 

+Freshly isolated strains of BE. typhosa 

Note.—Figures refer to number of strains showing hydrogen sulfide production after indi- 


cated number of hours’ incubation at 37° C. 


typhoid-dysentery group of organisms kindly supplied by Dr. MeDonald 
Fulton, of the St. Louis University School of Medicine. 
In the first set of experiments different hydrogen sulfide indicator 


systems* were added to a beef infusion agar base containing bacto-peptone : 


Medium I 


Ferrous sulfate 0.02 per cent 
Sodium thiosulfate 0.015 per cent 
Medium II 
Ferric ammonium citrate 0.05 per cent 
Sodium thiosulfate 0.03 per cent 
Medium III 
‘*Bismuth liquor’’ 0.5 per cent 


(3.0 per cent bismuth citrate) 


Eighty (80) strains of organisms were tested in these media in order to 
determine the relative sensitivity of the respective indicators. In order to be 
assured of uniformity approximately the same amount of inoculum from 
eighteen-hour broth cultures was used in seeding the respective media. The 
cultures were incubated at 37° C. and examined after eighteen, twenty-four, 
thirty-six, and forty-eight hours. As seen in Table I, medium I contained the 
most effective hydrogen sulfide indicator system. The presence of hydrogen 
sulfide could be detected in less than eighteen hours. Only 3 of 59 strains 
producing hydrogen sulfide required more than eighteen hours’ incubation 
at 37° C. The ferric ammonium citrate was somewhat less sensitive than th: 
ferrous sulfate, while the bismuth citrate was considerably more sensitive 
Three strains each of Salmonella paratyphi, and Shigella paradysenteria 


*The concentration of indicators used was established in a preliminary experiment. 











SULKIN-WILLETT: TRIPLE SUGAR-FERROUS SULFATE MEDIUM 651 


(Flexner), two strains of Shigella dysenteriae, and one Hiss-Russell strain 
showed hydrogen sulfide production, as demonstrated by use of the bismuth 
citrate indicator (medium III). This indicator is perhaps too sensitive, since 
these organisms are generally considered to be negative hydrogen sulfide formers, 
and the differential value of hydrogen sulfide production in routine diagnostic 
work would no longer be valid. The use of such a sensitive indicator would 
necessitate revision of the generally accepted classification of the enteric organ- 
isms, or the presence or absence of hydrogen sulfide should be recorded ac- 
cording to the medium or indicator used. 

Another set of experiments was carried out to determine the effect of 
changes in hydrogen-ion concentration on the effectiveness of the respective 
indicators. The media used in the previous experiment were prepared in 
buffered solutions ranging from pH 5.0 to pH 9.0. An eighteen-hour broth 
eulture of a freshly isolated strain of E. typhosa was used as the test organism. 
The results, summarized in Table II, show that changes in the hydrogen-ion 
concentration had no effect on the sensitivity of the bismuth citrate for detec- 
tion of hydrogen sulfide, confirming the observation of Hunter and Crecelius.'? 
The ferric ammonium citrate, however, apparently reacts very slowly with the 
hydrogen sulfide to form iron sulfide. This indicator failed to detect the hydro- 
gen sulfide in an acid medium (pH 5.0) even after incubation for fourteen days. 
The ferrous sulfate, on the other hand, was only slightly affected by changes in 
hydrogen-ion concentration of the menstruum. Essentially the same results were 
obtained when this experiment was repeated at a later date. 


TABLE II 


EFFECT OF HYDROGEN-ION CONCENTRATION ON SENSITIVITY OF IRON AND BISMUTH SALTS TO 
HYDROGEN SULFIDE 
‘ pene aie FERRIC AMMONIUM CITRATE 
FERROUS SULFATE AND — — — BISMUTH 


- SODIUM THIOSULFATE . ane . | CITRATE 
SODIUM THIOSULFATE 
5.0 + a: 7 
5.5 + 
6.0 + 
6.5 + 4 
7.0 r i 
7.5 4 + | n 
8.0 | nee ie 
8.5 
9.0 
No hydrogen sulfide detectable after incunation at 37° C. for seven days. 
+ Slight amount of hydrogen sulfide formed. 
+ Moderate hydrogen sulfide production. 
++ — Abundant hydrogen sulfide production. 
+++ Abundant hydrogen sulfide production within eighteen hours after incubation at 


ci 


In another set of experiments bacto-tryptone,* which is especially adapted 
tur use in the elaboration of indol by bacteria, was found to be considerably more 
siitable than bacto-peptone from a viewpoint of available sulfur content, growth- 
promoting properties, and uniformity of results (Table III). 





*Prepared by the Difco Laboratories, Inc., Detroit, Mich. 
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TABLE III 


EFFECT OF PEPTONE AND TRYPTONE ON HYDROGEN SULFIDE PRODUCTION 





NUMBER | 








. : . BACTO-PEPTONE BACTO-TRYPTONE 
NAME OF ORGANISM OF 
STRAINS is 24 | 36 | 48 is | 24 | 36 HS 
KE. typhosa 12 3 l S 0 S +i} Ss Tt @ 
E. typhosa G* r 4 ] 2 | 1 5 1 | 0 0 
S. paratyphi 6 0 (0) 0 0 v 0 0 0) 
S. schottmiilleri } | 4 ; 0 0) } 0 (0) 0 
Shig. dysenteriae 3 0 0) 0) 0 0 0 S | © 
Shig. paradysenteriae 5 ~ | 0 0 0 0 | 0 0 0 
Flexner 
S. aertrycke 6 } 2 0 0 6 0 0 0 
*Freshly isolated strains of E. typhosa. 
Note.—Figures equal number of strains showing H:2S production after indicated number 


of hours’ incubation at 37° C. 


The ferrous sulfate-sodium thiosulfate indicator system was added to two 
batches of medium containing bacto-peptone and bacto-tryptone, respectively. 
Several strains (42) of organisms of the typhoid-dysentery group were tested. 
Cultures were examined after incubation at 37° C. for eighteen, twenty-four, 
thirty-six, and forty-eight hours. Hydrogen sulfide could be detected in less than 
eighteen hours in 23 of 28 hydrogen sulfide formers when grown in the medium 
containing bacto-tryptone, while only 13 strains showed hydrogen sulfide in less 
than eighteen hours when grown in the bacto-peptone medium. 

It has recently come to our attention that the Difco Laboratories, Inc. have 
prepared a dehydrated medium, identified as bacto-Kligler iron agar, designed 
to replace bacto-Kligler lead acetate agar. This medium is very similar to the 
one deseribed here. Ferrie ammonium citrate is used as the hydrogen sulfide 
indicator instead of ferrous sulfate. The Difeo medium likewise permits dif- 
ferentiation of the gram-negative rods both on the basis of their ability to 
ferment dextrose or lactose and on their ability to produce hydrogen sulfide, 
and has given comparable results with our own medium. 

The hydrogen-sulfide indicator system described in the present report has 
heen suecessfully combined with Krumwiede’s triple sugar medium. The fol- 


lowing method of preparation proved satisfactory : 


Agar Base 


Beef extract 5.0 Gm. 
Bacto-tryptone 20.0 Gm. 
Sodium chloride 5.0 Gm. 
Agar 10.0 Gm. 
Water 1,000 e.e. 


Adjust to pH 7.4-7.6 and sterilize at 15 pounds pressure 
for fifteen minutes. 
Modified Triple Sugar Medium 


To the melted base cooled to 50° C. add 


Lactose 1.0 per cent 
Saccharose 1.0 per cent 
Glucose 0.1 per cent 
Ferrous Sulfate 0.02 per cent 
Sodium thiosulfate 0.015 per cent 


Bromthymol blue (1.6 per cent alcoholic 
solution ) 0.10 per cent 


Sterilize at 5 pounds pressure for twenty minutes, 
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When only small amounts of medium are used, it is desirable to add the 
‘arbohydrates (sterilized by filtration) to the melted base which has been 
cooled to 50° C. Appropriate amounts of 2 per cent solutions of ferrous 
sulfate and sodium thiosulfate (previously sterilized at 5 pounds pressure for 
twenty minutes) are then added to the medium, together with the bromthymol 
blue indicator. However, for routine use in public health diagnostic labora- 


1 


tories the ingredients can be mixed in bulk at a temperature of 50° C., dis- 
pensed in small homeopathie vials, and sterilized by heating in the autoclave 
at 5 pounds pressure for twenty minutes. 

Only 1.0 per cent agar is used in order to obtain a semisolid medium 
which permits the motile organism to grow away from the line of inoculation, 
giving a brushlike appearance which can be used as an additional means of 
differentiation. 

SUMMARY 

1. A modification of the Krumwiede triple sugar medium is described for 
use in the differentiation of the colon-typhoid-dysentery group of organisms. 

2. Tryptone (bacto) is more suitable than other peptones from a viewpoint 
of available sulfur content, growth-promoting properties, and uniformity of 
results. 

3. The ferrous sulfate-sodium thiosulfate indicator system is more sensitive 
than the ferric ammonium citrate-sodium thiosulfate system for the detec- 
tion of hydrogen sulfide. 

4. The sensitivity of bismuth citrate is not affected by changes in pH, 
ferrous sulfate is only slightly affected, and ferric ammonium citrate reacts 
very poorly in an acid menstruum. 

5. The use of bismuth citrate, which is an extremely sensitive indicator, 
would necessitate revision of the generally accepted classification of the 
enterie organisms. 

6. In recording the presence or absence of hydrogen sulfide in cultures 
the medium and indicator system used should be stated. 
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A BEDSIDE TEST FOR SULFAPYRIDINE* 
Herman D. Rarisn, B.S., AND Jesse G. M. ButLowa, M.D. 
New York, N. Y. 

T IS desirable to know the coneentration of sulfapyridine in the blood when 
treating pneumocoecie pneumonias and their complications. That the bac- 
tericidal effect of sulfapyridine is directly proportional te its concentration 
has been amply shown. The concentration of sulfapyridine in the blood is 
determined by the rate of absorption, the rate of excretion, and the rate of 
conversion. Absorption, excretion, and conversion vary independently and 
are influenced by factors we do not fully understand. In adults with a uni- 
form dosage of 1 Gm. after an initial larger dose, concentrations varying from 

1 to 10 mg. per cent (1:100,000 to 1:10,000) were obtained. 

Concentrations too high do not occur with the usual dosage, but the con- 
centration may be too low for bactericidal or bacteriostatic action. Unless the 
parts per thousand in the blood or milligrams per hundred cubic centimeters are 
known, ¢linical failure cannot be ascribed either to inefficiency or to inadequate 
concentration of the drug. At times, even high concentrations for some resistant 
strains were insufficient to achieve early bacteriostasis. In our cases treated 
successfully with sulfapyridine, 4 to 6 mg. per 100 ¢.c. were usually present 
in the blood. In some cases of pneumococcic meningitis 10 mg. per 100 e.e. 
of cerebrospinal fluid were required to effect a cure. The concentration in the 
cerebrospinal fluid is usually two-thirds that in the blood. When the concen- 
tration is too low, larger and more frequent oral doses or parenteral adminis- 
tration may be employed. 

Ready extraction of sulfapyridine from the blood with ether suggested a 
simplification of the Marshall test... Our modification may be performed away 
from a laboratory by the physician or by the nurse at the bedside, and with 
apparatus within the means of the smallest hospital. The test, with a simul- 
taneous duplicate analysis, may be carried out in ten minutes. 

The following reagents and apparatus are required for the determination 
of sulfapyridine by our method. 


Reagents: 


(1) Ether 


(2) 15 per cent trichloracetie acid solution 
3) 0.1 per cent solution of sodium nitrite 


( 

*From the Medical Service, Harlem Hospital, Department of Hospitals, New York Cit) 
and the Littauer Pneumonia Research Fund, New York University College of Medicine. 

These studies received financial support from the Littauer Pneumonia Research Fun 
of New York University College of Medicine, from the Metropolitan Life Insurance Co., an 
from Mr. Bernard M. Baruch, Mr. Bernard M. Baruch, Jr., Miss Belle N. Baruch, and Mr 
H. Robert Samstag. 

Received for publication, November 29, 1939. 
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(4) 1 per cent solution of urea 
(5) A solution of a-dimethylnaphthylamine containing 1 ¢.c. in 250 ¢.c. of 995 
per cent ethyl alcohol. (This reagent should be kept in a dark dropping 
bottle. ) 
Apparatus: 
(1) 2 ee. Luer syringe and needle 
(2) 1 Test tube of 20 c.c. capacity with round bottom, stoppered with cork and 
marked at 1 e.c. and 6 e.c. 
1 Centrifuge tube with long taper, graduated to 15 e.c. in 0.1 ¢.c. divisions, 
fitted with rubber stopper 


» 
) 


(3) 5 Dropping bottles to contain the reagents listed above 
(4) A comparator block 2.5 inches by 4.5 inches, with 4 openings to take test 


tubes 100 by 12 mm., and color standards. 


14 - ecmmnenanemens seeenpainennenints 
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EACH VERTICAL LINE REPRESENTS A CASE , VALUES OBTAINED BY THE METHODS SHOWN ABOVE 


“hart 1.—Comparative values for sulfapyridine in 45 patients by the Marshall method and 
by the ether extraction method. 


METHOD 


Into a Luer syringe draw approximately 1.5 ¢.c. of venous blood. Invert 
the syringe with the needle still attached and deliver the blood, drop by drop, 
into the round-bottomed test tube, to the 1 ¢.c. mark. From the other dropping 
bottle add ether to the 6 ¢.c. mark. Insert the stopper and shake vigorously for 
two minutes. The fluids will rapidly separate into two layers, with the ethereal 
extract of sulfapyridine in the upper layer. Slowly release the stopper. Cau- 
tiously deecant the ethereal extract into the centrifuge tube to the 0.5 ¢.c. mark 
and set the extraction tube aside for duplicate tests. 

By means of a dropping bottle add 15 per cent trichloracetie acid solution 
to the 5 e.c. mark, place the rubber stopper over the mouth of the tube, and 
shake vigorously for ten to twenty seconds. Add 0.5 ¢.c. of 0.1 per cent sodium 
nitrite solution (7 to 8 drops from a dropping bottle), bringing the solution 
to the 5.5 ¢.e. mark. Again shake vigorously for twenty seconds, and add 
0.5 ce. of 1 per cent urea solution dropwise from a dropping bottle. Finally, 
aid a-dimethylnaphthylamine to the 8.5 ¢.c. mark from its dropping bottle, 


close the tube with the rubber stopper, and invert once or twice. The white 





*Reading is facilitated when the width of the color band is increased by placing tubes 
filld with water behind the standard and the test. 
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opalescence is soon replaced by a purplish red color. After five minutes the 
eolor is fully developed and the tube may be compared with standards in the 
comparator block. 

All values of this ether extraction method lie within 75 to 95 per cent of 
those obtained by the Marshall method, using a photocolorimeter. Chart 1 
shows the departure from the actual values. The average yield is 81 + 8 per 
cent, based on 50 determinations. Repeated analyses on the same sample 
vielded identical checks. 

The quantitative estimation of sulfapyridine depends upon the formation 
of a purplish red azo dye. This diazotization may be completed in approxi- 
mately one minute and the full color developed in five minutes, as shown in 
Chart 2. 
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COLORIMETRIC READINGS 
a ‘ 








6725 15 
7601 —— — ————=s if) 
5 1 a 
TIME: MINUTES 

SOLUTION 37MG. % _[I)PARATOLUENE SULFONIC ACID + NaNO, + UREA + = DIMETHYL-n-AMINE 2 
SULFANYL-2-AMINO-PYRIDINE 22) s “ « "+ SULFAMATE REAG + “ vane 

IN JTRICHLORACETIC ACID + * +UREA+ . . 
4) ® bd + *4+SULFAMATE REAG + ® os 

Chart 2 Rate of color development. When testing for sulfapyridine, readings taken with a 


photoelectric colorimeter show that complete development of color occurs in five minutes. 


The rate of color formation after coupling with a-dimethylnaphthylamine, 
the comparative action of ammonium sulfamate and urea on the destruction of 
the excess nitrite, and the value of trichloracetic acid and paratoluenesulfonic 
acid as media for the reaction, were studied. With a photoelectric colorimeter 
results were obtained which indicated that either group of reagents may be 
used. Urea and trichloracetie acid are recommended because they are cheaper 
and more readily obtainable. 

(Note-——While ether does not extract sulfapyridine from watery solutions 
or urine as efficiently as it does from blood, it extracts sulfapyricine well from 


cerebrospinal fluid. ) 
PREPARATION OF COLOR STANDARDS 


Color standards may be readily prepared using phenol red. They are 
calibrated so that the value of sulfapyridine obtained from the sample corre- 
sponds to the true value. Dissolve 0.0075 Gm. of phenol red in 100 e.c. of dis 
tilled water. To a series of 5 tubes, add 3.9 ¢.c. of fifteenth molar potassiun 
dihydrogen phosphate (KH2PO,4) and 6.1 c.e. fifteenth molar secondary, so 
dium phosphate (NasHPO,). Then follow with 0.2 ec. of normal sodiun 
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hydroxide (NaOH) and phenol red as indicated. The volume of the phenol 
red should increase progressively in the different test tubes. 





“AMOUNT OF 
PHENOL RED 


AMOUNT OF SULFAPYRIDINE (TRUE VALUE) INDICATED 











0.22 c.c. Concentrations up to 4 mg. per cent 

0.30 ¢.c. Concentrations up to 7 mg. per cent (usual in blood of recovered pneu 
mococcic pneumonia patients ) 

0.46 e@.e. Concentrations up to 10 mg. per cent 

0.62 c¢.c. Concentrations up to 12.5 mg. per cent (desirable in blood of menin 
gitis patients) 

0.86 @.e. Concentrations up to 15 mg. per cent 


The phenol red solutions are transferred to test tubes 100 by 12 mm. and 
sealed. The value of each tube should be marked on or permanently attached 
to it. The standards should be protected from direct sunlight. New stand- 
ards should be prepared every six months. In five months our standards had 
not faded appreciably. 

SUMMARY 

A simplified method for determining sulfapyridine, depending upon the 
ether extraction of sulfapyridine from the blood, is described. The test may be 
performed in ten minutes and requires simple glassware available in any hos- 
pital or office laboratory. 

REFERENCE 
1. Marshall, E. K., Jr.: Determination of Sulfanilamide in Blood and Urine, J. Biol. Chem. 
122: 263, 1937. 


A COMPARATIVE STUDY OF THE ERYTHROCYTE SEDIMENTATION 
TEST WITH THE HELLIGE-VOLLMER (LANGER) MICROSEDI- 
METER AND THE MODIFIED WESTERGREN METHOD 


EsTHER W. GOLDBERGER, M.D., STATEN ISLAND, N. Y. 


HE microsedimeter (Hellige-Vollmer)! offers a definite advantage in 

earrying out the erythrocyte sedimentation test in children. The ap- 
paratus (Fig. 1) consists of a small box containing 3 graduated pipettes, 3 
elass tubes, a celluloid plate, and 2 vials, one with 5 per cent sodium citrate 
solution and the other with 10 Gm. mereury. The micropipette has no gradu- 
ition from its tip to mark C, a graduation of 25 mm. from mark C to O, and 
i mark B, 4 mm. above mark O. 

Five per cent sodium citrate solution is drawn up to mark C, and blood 
‘om a puncture on an ear lobe or finger tip is drawn up to mark B. The 
ontents of the pipette is then emptied onto the celluloid plate and mixed with 
he tip of the pipette. The mixture is allowed to flow back by capillary at- 
traction into the pipette, up to mark O. The flat end of the pipette is closed 

ith a finger, the pipette placed into one of the tubes containing a drop of 
ercury, and then put up in the wooden rack of the apparatus box. 





*From the Pediatric Service of Dr. Bela Schick, Sea View Hospital, Staten Island. 
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The erythrocyte sedimentation rate is determined by observing the 
point on the millimeter scale to which the red blood cells fall during one hour. 
The method requires only two or three drops of blood, and causes less pain 
than the macromethod, which necessitates venipuncture. As compared with 
other micromethods, such as the Landauer? and Cutler,® it is simpler and less 
expensive, and is particularly suitable for serial determinations on the same 


child. 








In order to examine the reliability of this new method, I compared it 
with the modified Westergren method used routinely in this institution. I 


carried out 304 comparative determinations with the micromethod and macro- 


method. Each point (.), cross (x), or ring (0), in Fig. 2, indicates the sedi- 


mentation rate of one blood specimen obtained with the microsedimeter 
(ordinate) as well as with the Westergren macromethod (abscissa). An ideal 
curve was drawn through the spreading points in such a way that these points 
are situated as near as possible to this ideal curve. With this curve the 
micrometer values can easily be converted into the corresponding Westergren 
values. 

My observations are in favor of the accuracy of the microsedimeter with 
which method values up to 8 mm. in children, and up to 10 mm. in infants, are 
regarded as normal. <As Fig. 2 demonstrates, these microsedimeter values 
coincide very well with normal Westergren values up to 20 mm. 

Another observation is of interest. The time factor in the determination 
of the blood samples seems to influence the results. In Fig. 2 the sign (.) 
indicates that. both methods were carried out from the same specimen immedi- 
ately after the blood was taken. The sign (x) indicates that the micro- 
method was done immediately, but the macromethod only after standing for 
one to four hours. The sign (0) indicates that both methods were performed 
simultaneously within one-half to two hours after obtaining the specimen 
of blood. 

The values marked by sign (x) are found to be most distant from the 
ideal curve. This means that blood standing for several hours gives inac 
curate results. Possible reasons for this may be shifting of the blood reactio: 
due to carbon dioxide loss, as well as formation of gross protein aggregate 
(flocking) which precipitate the red blood cells (J. Loeb). 
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SUMMARY 


1. Three hundred four comparative determinations were carried out with 
e Hellige-Vollmer microsedimeter and the modified Westergren method. 

2. The microsedimeter values compare favorably with results obtained 
th the macromethod. 

3. The erythrocyte sedimentation test with the microsedimeter is simple, 
quires only 2 or 3 drops of blood, and, therefore, can be performed repeat- 


ly on infants and children with the minimum of fear and distress. 
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4. The standing of blood specimen for several hours gives inaccurate re- 







sults with the macromethod. 
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COMPARISON OF DARK-FIELD EXAMINATION AND NIGROSINE 
STAIN IN DEMONSTRATING TREPONEMA PALLIDUM* 












NATHAN NAGLE, A.B., AND JOHN GRAUL, St. Louris, Mo. 





A FAVORABLE report has been made by Dienst and Sanderson! on the use 
of the nigrosine stain in demonstrating Treponema pallidum. They 





state, ‘‘This method is much simpler and apparently as accurate as the dark- 
field examination.’’ With the view of extending the services of the lab- 
oratory in the diagnosis of primary syphilis to the practicing physician, we 
made a comparison of the efficacy of the nigrosine stain and the dark-field 







examination methods. 
Ninety-nine patients, 84 males and 15 females, presenting themselves at 
the St. Louis Health Division Venereal Disease Clinie, were examined with the 


dark field, nigrosine stain, and Kahn test. 






The technique used in making the nigrosine stain was that recommended 
by Dienst and Sanderson. The dark-field specimen was usually taken first, 
followed by at least two preparations for the nigrosine stain. These prepara- 
tions were stained either on the same day or on the following day. One worker 
made the dark-field examination and prepared the nigrosine stained smears. 
Another worker examined these preparations independently, without know- 
ing the results of the dark-field examination. 











TABLE I 
COMPARISON OF DARK-FIELD EXAMINATION WITH THE NIGROSINE STAIN ON A GROUP OF 
PATIENTS HAVING GENITAL LESIONS 


Qy 


















NO. l DARK-FIELD NIGROSINE ~ KAHN 
PATIENTS EXAMINATION STAIN TEST 





















29 Positive Positive 23 positive 

1 doubtful 
2 negative 
5 no record 













49 Negative | Negative | 47 negative 
2 no record 

2 Positive | Negative Positive 

] Negative Positive Positive 

1 | Positive Doubtful Negative 

] Negative Doubtful Negative 

16 Negative Negative | 15 positive 


1 doubtful 


' 





*From the St. Louis Health Division Laboratory. 
Received for publication, July 13, 1939. 
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Table I gives a summary of the results obtained. Forty-nine patients gave 
negative tests by all three methods and, therefore, can be excluded from this 
discussion. Of the 50 persons with primary syphilis, 32 gave positive dark 
fields, 30 gave positive nigrosine stains, and 41 gave positive Kahn tests. 
Three patients had positive dark-field examinations while the nigrosine stain 
method was negative in two and doubtful in the third. On the other hand, 
one patient had a negative dark field and a positive nigrosine stain. The 
results indicate a close correlation between both methods in the diagnosis of 
early syphilis; however, the dark field is the method of choice. Where the 
dark field is not available to the practicing physician, the nigrosine method 
is recommended. 
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TUBERCLE BACILLI, Pathogenicity for Guinea Pigs of, Suspended in Gastric Mucin, 
Mills, M. A., and Colwell, C. A. Am. Rev. Tuberc. 40: 109, 1939. 


Sixty guinea pigs were injeeted subeutaneously with varying doses of tubercle bacilli, 
equal numbers receiving bacilli suspended in mucin and in saline, for the purpose of 
determining whether or not any alteration of pathogenicity would occur with the organisms 
suspended in mucin. No significant differences could be noted with the exception that, of 
the guinea pigs receiving the smallest doses, those injected with mucinous suspensions 
developed larger local lesions which showed a greater tendency to ulcerate and discharge 
their contents. This effect may be explained upon a purely local and mechanical basis. 
The injected mucin, because of its viscosity, may act temporarily in maintaining a high con- 
centration of bacilli at the site of injection, promoting the development of a more extensive 
local lesion. With the gradual disappearance of the mucin, the infection progresses in a 


manner similar to that seen in guinea pigs injected with saline suspensions. 


KIDNEY: Test of Glomerular Function With Sodium Ferrocyanide, Stieglitz, E. J. Arch. 
Int. Med. 64: 57, 1939. 


Vethod: Ampoules of sterile, dry, pure sodium ferrocyanide, containing 0.5 Gm. of the 
hydrated salt, or about 0.25 Gm. of the anhydrous salt, were employed. Ferrocyanide salts 
might be decomposed by the gastrie acid if taken orally, but on slow intravenous injection no 
evidences of toxic effects have been observed. 

The contents of one ampoule are dissolved in 10 e.c. of sterile distilled water and 
administered by slow intravenous injection. It is essential that this solution be clear be 
fore the injection is started; the salt dissolves rather slowly. Specimens of urine are 
collected thirty, sixty, one hundred and twenty, and one hundred and eighty minutes after 
the injection, and their content of ferrocyanide determined by analysis. It is immaterial 
just how much water is consumed before or during the test; the rate of excretion appears 
to be independent of the volume of urine. Ample fluid to make possible the prompt voiding 
of urine at the proper intervals is desirable. 

The titration of ferrocyanide is carried out with a 0.4 per cent solution of cupric 
sulfate (0.004 Gm. per eubic centimeter). Before titration the specimen is acidified with 
concentrated sulfurie acid. Cuprie ferrocyanide is a slightly soluble red salt but is more 
soluble than the well-known Prussian blue (ferric ferrocyanide). To determine the end 
point in titration, drops of solution of ferrie chloride are placed on a tile, and as the 
titration proceeds a drop of the unknown is placed in contact with the ferric chloride. If 
free ferrocyanide is present, Prussian blue is immediately formed; if all the ferrocyanide 
has already been precipitated as cupric ferrocyanide, a distinct delay occurs before the 
appearance of this blue color. The end point is, therefore, read when the appearance of the 
blue is delayed four to five seconds. 

The caleulation is based on the chemical equation: 

Na,Fe (CN), + 2 CuSO, s Cu, Fe(CN),| + 2 Na,SO,,. 
The molecular weight of Na,Fe(CN), is 304.08 and that of CuSO, x 2 is 319.26. If the 
solution of cupric sulfate contains exactly 0.004 Gm. per cubic centimeter, then 1 c.c. of 
the solution precipitates exactly 0.0038 Gm., or 1.52 per cent, of the injected dose of 0.2° 
Gm. of anhydrous sodium ferrocyanide. The exact strength of the cupric sulfate is best 
first measured by electrolytic methods. 

Sodium ferrocyanide, being excreted by the glomeruli, may be safely used as a tes! 


substance for determining glomerular efficiency. 
S&S t . 
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The procedure found most applicable is the intravenous injection of 0.5 Gm. of the 
hydrated salt (representing 0.25 Gm. of the anhydrous salt) freshly dissolved in 10 ¢.c. of 
sterile distilled water. Specimens of urine are collected thirty, sixty, one hundred and 
twenty, and one hundred and eighty minutes after injection, and their ferrocyanide content 
determined. For ambulatory patients analysis of the first two specimens suffices. Caution 
must be employed in that the solution must be clear before the injection is made. 

The excretion rate of ferrocyanide approximately parallels the results obtained with 
the urea clearance test, the phenolsulfonephthalein test, and the renal concentration test. 

Extension of the control series of patients with apparently normal renal function has 
further clarified what constitutes a normal response. The range of variation is not excessive. 

Calculating the rates of excretion on the basis of the ferrocyanide remaining within the 
body rather than the total dose of salt reveals that the rate of excretion is remarkably 
uniform throughout the period of study. 

In hypertensive arterial disease without other evidence of nephritis, the glomerular 
function is early and clearly impaired. This depression is most conspicuously manifest 
during the first hour of excretion. The curve of the percentages of excretion in hyperten- 
sive disease is characteristic and suggests that occult glomerular injury depreciates the 
capacity of the glomeruli to excrete certain solutes promptly. The etiologic relations of 
these phenomena to hypertensive disease are briefly considered. 

The final evaluation of the usefulness and clinical applicability of the test of 
glomerular function with sodium ferrocyanide can come only after extended investigation, 
but the present report clearly confirms the impressions gained in the preliminary studies 
and emphasizes its potential value in clinical study of the relation of glomerular injury to 
hypertensive disease. 


FOCAL INFECTION and Systemic Disease, Reimann, H. A., and Havens, W. P. J. A. M. A. 

114: 1, 1940. 

A review of the case against routine extraction of teeth and tonsillectomy for the pur- 
pose of preventing or curing systemic disease shows that the experience of twenty-five years 
has not justified the practice in the minds of many who have given the matter careful thought. 
The reasons advanced in favor of the procedure lack controlled clinical and experimental 
support. By comparing the occasional benefit obtained with the dangers incident to opera- 
tion, one is led to recommend the procedure only in exceptional cases when evidence of actual 
local disease is present and its relation to remote or systemic disease is probable. 

If abscess or chronic infection around a tooth is present with reasonable certainty, or 
f the tonsils are actually infected and give rise to repeated attacks of illness, there is no 
question that surgical measures are necessary in treatment of the local condition. But, in 
the light of present knowledge, the removal of such local infections in the hope of influencing 
remote or general symptoms and disease must still be regarded as an experimental procedure 
not devoid of hazard. 

It may be said, therefore, that (a) the theory of focal infection, in the sense of the 
erm used here, has not been proved; (b) the infectious agents involved are unknown; (c) 


rge groups of persons whose tonsils are present are no worse than those whose tonsils are 
it; (d) patients whose teeth or tonsils are removed often continue to suffer from the original 
sease for which they were removed; (e) beneficial effects can seldom be ascribed to surgical 


procedures alone; (f) beneficial effects, which occasionally occur after surgical measures, 
often outweighed by harmful effects or no effect at all; and (g) many suggestive foci 
infection heal after recovery from systemic disease, or when the general health is im- 


proved with hygienic and dietary measures, 


WEIL’S DISEASE, Rapid Presumptive Serological Test for, Brown, H. C. Brit. M. J. 
Dee. 16, 1939, p. 1183. 
The serologic test for Weil’s disease essentially consists in rocking to and fro on a 
sl le for ten minutes small quantities of varying dilutions of the patient’s serum in the 
presence of a heavy suspension of L. ictero-haemorrhagiae ; this saline suspension is formolized 
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to a concentration of 0.2 per cent. The preparation of a suitably concentrated antigen for 





this test is not a simple matter, as Leptospira cannot be easily thrown down by means of 





a centrifuge from the fluid medium in which it is grown. Centrifuging a culture of 





Leptospira in Fletcher’s broth at 5,800 r.p.m. for half an hour does not cause any obvious 






clearing of the supernatant fluid. 





The results of the rocking-slide method and the macroscopic have been consistently 
identical, but in every instance Schiiffner’s technique has given a titer three times higher than 
In order to test the sensitivity of the rocking 






that obtained by either of the other methods. 


slide method, two rabbits were immunized with 2 em. of a broth culture of Leptospira 


Four days later the sera of these animals were tested by all 






administered intravenously. 





whereas 





three methods. The macroscopic and rocking-slide methods gave a titer of 1:10, 
Schiiffner’s method gave 1:30. On the seventh day the two former readings were 1:100, and 


Schiiffner’s method was 1:300, and on the tenth day 1:1,000 and 1:5,000, respectively. 






It is claimed that the rocking-slide method, given a suitable antigen, will produce a 





result within fifteen minutes of the receipt of the serum, and that it is reliable enough to 





justify the administration of curative serum. 







THYROID, Histology of, in Exophthalmic Goiter and Hyperthyroidism, Hellwig, A. C. 
Arch. Path. 28: 






870, 1939. 







Morphologie studies, including special stains of the colloid and of the finer intracellular 


structures, fail to reveal fundamental differences between exophthalmic goiter and goiter 







with hyperthyroidism. Both are variations of a single disease. 





Epithelial proliferation and liquefied colloid are the only constant morphologic character 





istics of toxie goiter. 





Lymphoid tissue alone, without epithelial proliferation, is not a reliable criterion of 






hyperfunction of the thyroid. 
The histologic structure of a diffuse goiter from a patient with the symptoms of exoph 
A positive clinical diagnosis can almost 







thalmiec goiter is typical in almost all instances. 






always be made from the slide, even after iodine medication. 
The 





Hyperthyroidism is caused not only by nodular but also by diffuse colloid goiter. 


clinical term ‘‘adenomatous goiter with hyperthyroidism’’ should, therefore, be replaced by 






, 






‘*hyperthyroidism. ’ 
Toxic 





Microscopic study of nodular goiter does not allow a histophysiologic diagnosis. 





and nontoxie nodular goiter are clinical, not anatomic, diagnoses. 





The pathologist should use anatomic terms in describing the histologic changes observed 






in goiter specimens. 






The universal adoption of an international classification of goiter is recommended. 





VITAMIN A in the Blood of Normal Adults, Steininger, G., Roberts, L. J., and Brenner, S. 
J. A. M. A. 118: 2381, 1939. 







Semiweekly determinations were made of the amount of vitamin A and carotene in the 
blood of four experimental and one control subject during a four months’ depletion study. 
The conclusions from these data were supported by those from single determinations of these 
constituents in the blood of 34 adults, one-half of whom had received a supplement of 
vitamin A. Biophotometer readings were made of these subjects during the depletion diet 








and of 31 of the other subjects. 

The results of the study show that the amount of vitamin A in the fasting blood is 
dependent upon the amount in the diet. While the evidence as to whether or not determina- 
tions of the vitamin A in the blood are of value in judging nutritional status is contra 
dictory, the data show that consistently low fasting blood values indicate that probably the 
body stores of vitamin A are being depleted, and very high values indicate that the intake 
of vitamin A is adequate. The results further show that there is no correlation between the 










amount of vitamin A in the blood and the biophotometer readings. 
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HEMORRHAGE, Chronic, Reaction of Peripheral Blood and Bone Marrow in, and in 
Essential Thrombopenic Purpura, Limarzi, L. R., and Schleicher, E. M. J. A. M. A. 
114: 12, 1940. 


Acute hemorrhage causes a uniform stimulation of the bone marrow with a myeloid, 
erythroid, and megakaryocytic hyperplasia. The megakaryocytes are of the adult type. The 
hyperplastic marrow promptly returns to normal. 

Chronic hemorrhage causes a similar hyperplasia. The megakaryocytes are usually of 
the adult type, but there may be many intermediate ones if the hemorrhage is repeated and 
exhausting. With abolition of the hemorrhages, the bone marrow returns to normal. Plate- 
lets are present in large numbers in the bone marrow and in the peripheral blood. 

In essential thrombopenie purpura with hemorrhage there is a similar uniform hyper- 
plasia of the bone marrow. In the more chronic cases without significant hemorrhage the 
myeloid and erythroid hyperplasia may be absent, but the megakaryocytic hyperplasia persists. 

In essential thrombopenic purpura the megakaryocytes are of the young form. In the 
acute phase the promegakaryocytes predominate; in the less acute phases the adult type 
appears. Hyaline megakaryocytes, which produce the large pseudoplatelets, have been found 
only in essential thrombopenic purpura. Platelets are reduced equally in the bone marrow 
and in the peripheral blood. 

Splenectomy causes the bone marrow to revert to normal. Unless this reversion is 
established, the bleeding episodes continue. 

The view that essential thrombopenie purpura is a disease due to faulty maturation of 
the megakaryocytes is favored. Splenectomy removes a factor which is inhibitory to matura- 
tion. 

The differential diagnosis of the symptomatic purpuras from other hemorrhagic states is 
not difficult. 

The diagnosis of purpurie states can be made most satisfactorily from bone marrow 


studies. Such studies should lead to a more satisfactory classification of the purpuras. 


PNEUMONIA, Treatment of, Comparison of Results With Specific Serum and Sulfa- 
pyridine, Dowling, H. F., and Abernethy, T. J. Am. J. M. Se. 199: 55, 1940. 


Ninety-six persons with pneumococcus pneumonia treated with serum showed a mortality 


rate of 16.7 per cent, as compared with a rate of 11 per cent for 136 patients treated with 


sulfapyridine. 

Mortality rates were essentially the same for bacteriemie persons in the two groups, 
but were definitely lower in the sulfapyridine groups for patients over 40 years and for 
patients with two or more lobes involved. 

While both serum and sulfapyridine are of great value in the treatment of pneumonia, 
the authors do not believe that conclusions may yet be drawn as to their relative value in 


+ 


Ss routine treatment. 


TYPHOID VACCINATION, Further Studies of the Intracutaneous Method, Tuft, L. Am. 
J. M. Se. 199: 84, 1940. 


Further studies of intracutaneous typhoid vaccination confirmed the author’s original 
servations as to the efficacy of this method, both from an immunologic standpoint as well as 
a marked reduction of complete elimination of annoying reactions. In addition, evidence 
satisfactory increase of the protective power of the blood and of stimulation of the somatic 
O agglutinins was provided. 

On the basis of these results, it is believed that the intracutaneous injection of 0.1 e¢.c., 
) ce., and 0.2 c.c. of the ordinary typhoid vaccine is the most satisfactory of any of the 
thods for typhoid immunization and should be more widely used. A single dose of 0.1 ¢.c. 
ms adequate for immunization of previously vaccinated persons. 
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PLATELETS, Enumeration of, in Blood From the Umbilical Cord in Normal Infants, 
Hodge, I. G. Bull. Ayer Clin. Lab., Pennsylvania Hosp. 3: 277, 1940. 


Method: At the time of delivery one clamp was placed on the umbilical cord, which 
was cut between the clamp and the placenta. Hemorrhage was controlled by manual pressure 
applied by the operator to the cord. The cut end of the placental segment of the cord was 
dried with sterile gauze and was held below the level of the perineum in such a way that 
bleeding was profuse. After a short interval 30 ¢.c. of blood were collected in a paraffin-lined 
50 ¢.c. beaker. Into a red blood cell hemocytometer, already containing to the 0.05 mark the 
platelet-diluting fluid recommended by Tocantins, blood was drawn from the beaker until 
the column of fluid reached the 0.1 mark. The dilution was completed with the same platelet 
fluid until the mark of 101 was reached. The pipette was shaken gently for ten minutes, and 
the platelets were counted directly in a counting chamber. 

In a small series of 16 infants, satisfactory platelet counts were done on the cord 
blood according to the method outlined. The average number was found to be 278,000 per 


ce. mm., with extremes of 205,000 and 380,000. 


THE Vi AGGLUTINATION as an Aid in the Detection of Chronic Typhoid Carriers, Eliot, 
Cc. P. Am. J. Hyg. 31: 8, 1940. 


The author summarizes the facts about the occurrence of Vi agglutinins in 490 human 
sera as follows: 

The carrier condition is manifested by demonstrable Vi agglutinin in the blood in 95 per 
cent of proved chronic carriers examined. 

The typhoid case frequently shows Vi agglutinin in the blood, probably depending on 
the stage of the disease, the severity of attack, and other factors to be analyzed in a sub- 
sequent report. 

The clinically and bacteriologically recovered patient, the inoculated person, and the 
individual with negative history are alike in that they usually fail to show Vi agglutinins 
in the blood. Three positive Vi cases were discovered in this group and were proved to be 
chronic typhoid carriers by cultural methods. Seven other positive Vi cases are so far un 


explained. 


MENINGITIS, Spinal Fluid Chlorides in, Barnes, H. D. South African M. J. 4: 97, 1940. 


The chloride content of the cerebrospinal fluid of a number of persons with meningitis 
has been determined at intervals throughout the course of the disease. Analysis of the 
results indicates: 

The average chloride of the severe cases is reduced to significantly lower values than 
is that of the mild. 

The likelihood of death does not appear to be greater in the cases with lower chloride 
content of the fluid obtained at first puncture. The degree of association between the extent 
of reduction of the chloride in the first fluid removed and the subsequent severity of the 
disease is of doubtful significance. 

The chloride curve in pneumococcal meningitis shows no tendency to rise. 

When chloride values are within normal limits or, if initially low, the curve rises during 
subsequent days, the disease is likely to run a mild course, and conversely. The likelihood 


of death supervening, however, is not significantly greater if the curve falls during the first 


few days. 


BLOOD: The Choice of an Anticoagulant, Napier, L. E. Indian J. M. Research 27: 605 
1939. 


Packed cell volume estimations were done in duplicate on 50 samples of human bloo 
from various sources. In one side of the centrifuge 2 mg. of dry potassium oxalate we! 
added as an anticoagulant to each cubic centimeter of blood and in the other a mixture « 


0.8 mg. of potassium and 1.2 mg. of ammonium oxalate. The results are tabulated. 
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If Wintrobe’s factor, x 1.09, to compensate for shrinkage due to potassium oxalate is 
applied in the case of the former, the means of the two series are almost identical. 
It is suggested that this potassium and ammonium-oxalate mixture be adopted as a 


standard anticoagulant. 


PNEUMONIA, Type Specific Polysaccharide Skin Test in Serum Therapy of, Edwards, 
J. C., Hoagland, C. L., and Thompson, L. D. J. A. M. A. 113: 1876, 1939. 


In 114 cases of lobar pneumonia caused by type I, LI, V, VII, VIL, or XLV pneumo- 
coccus, type specific antipneumococcus rabbit serum was used. The reaction of the patient to 
intracutaneous tests with the type specific polysaccharide from the capsule of a homologous 
type of pneumococcus was determined before, during, and after the administration of the 
serum. 

One hundred and ten patients gave a negative reaction to the test before serum was 
given, indicating a low content of circulating antibody. The test proved to be a valuable aid 
in the more accurate estimation and control of the optimum dose of serum necessary for the 
successful treatment of the patient. 

In 355 cases daily skin tests with the polysaccharide were performed until the patient 
was discharged from the hospital. In 12 of these cases the reaction became negative before 
the patients were discharged (seven to nine days), and in 23 it remained positive (nine to 
nineteen days). 

In some cases without complications, a positive reaction to the skin test at the time 
of admission on the sixth or seventh day of the pneumonia enabled us to withhold treatment 
with the assurance of the presence of sufficient antibodies to cause a crisis with favorable 
outcome. Not all patients with spontaneous crises, however, have the excess of free antibodies 
necessary to cause a positive reaction to the test. Some patients with myocardial damage 
yr cardiac decompensation need serum even though they show a positive reaction. 

A persistently negative skin reaction appears to have some value from a prognostic 
standpoint. In most cases in which a positive reaction occurred after the administration 
of large amounts of serum the disease terminated fatally. In such eases the blood agglutinins 
were found in high titer. A skin formerly reactive to polysaccharide may lose its reactivity, 
even in the presence of free circulating antibody, when the patient is moribund. A positive 
reaction in a patient with bacteriemia does not mean that no more serum is needed. Dermal 
injection of pneumococcus polysaccharides into human beings may induce subsequent re- 
activity of the dermal cells; this fact is to be borne in mind in studies of skin sensitivity when 
repeated intradermal injections of these agents are involved. 


The polysaccharide skin test is a valuable, though not infallible, means of measuring 


the serum required for treatment in a given case of pneumococcic pneumonia. 


SULFAPYRIDINE THERAPY, Renal Complication in, Tsao, Y. F., McCracken, M. E., 
Chen, J., Kuo, P. T., and Dale, C. L. J. A. M. A. 113: 1315, 1939. 


Five persons with hematuria were associated with administration of sulfapyridine in 
children. One of the patients died of uremia as a result of complete bilateral urinary obstruc- 
n, proved at autopsy. 

Hematuria may occur within twenty hours but may be delayed as long as six days 

ter the initial dose of sulfapyridine. 

The real mechanism of formation of the hematuria is still unknown, but it may be 
ciated with formation of uroliths. 

Cystoscopic examination and ureteral manipulation, and even emergency nephrostomy or 
| pyelotomy with probing of the ureter for possible urinary obstruction by a competent 
ogist, should be made when signs of marked urinary obstruction and anuria develop during 
administration of sulfapyridine. 

Since children are probably more susceptible to renal complication in sulfapyridine 
ication, more care should be taken during its administration in pediatric cases, 
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PERITONITIS, Primary, in Infants and Children, Ladd, W. E., Botsford, T. W., and 
Curnen, E.C. J. A. M. A. 113: 1455, 1939. 


In the present clinical study of primary peritonitis, the benefits of early operation and 
adequate specific therapy have been reflected by a significant reduction in the mortality. The 
details of treatment remain somewhat elastic and, as pointed out elsewhere, not all the 
patients were treated according to our present concept of the most effective procedure. The 
virulence of the organism and the resistance of the patient are two factors in primary 
peritonitis that always play an important role, which is difficult to evaluate in discussing the 
results of any type of treatment. Several cases of pneumococcie peritonitis successfully 
treated with sulfapyridine have been reported recently. This may prove a valuable adjunct 
to the serum therapy of the disease. 

The present’ program of treatment of primary peritonitis, advocated by the authors, 
follows: 

1. Early incision and drainage of the peritoneal cavity with minimal manipulation. 

2. Identification as rapidly as possible of the offending organism obtained from the 
peritoneal cavity. 

3. Immediate postoperative institution of sulfanilamide therapy by hypodermoclysis, con 
tinued by oral administration when fluids can be taken by mouth. 

4. If a pneumococcus is obtained, substitution of sulfapyridine for sulfanilamide therapy 
and intravenous administration of type specific antipneumococcus serum. 

5. (a) Use of high concentration oxygen and gastric siphonage to relieve abdominal dis 
tention; (b) maintenance of adequate fluid intake by parenteral and enteral routes; (c) re- 
peated small blood transfusions to combat anemia and hypoproteinemia. 

The high mortality rate in primary peritonitis can be strikingly reduced by early opera- 
tion for recovery of the offending organism and drainage, followed by adequate treatment 
with sulfanilamide in the streptocoecie group and with type specific serum in the pneumo 


coccie group. 


OVARY, Theca Cell Tumors of, Collins, C. G., Varino, G., and Weed, J. C. J. A. M. A. 
113: 1634, 1939. 


Theea cell tumors are a definite clinical entity and, though occurring most frequently 
at the menopause, they may occur at any age. 
From reported cases and our 2 cases of theca cell tumors occurring in young women, 


it would seem that theca cell tumors may produce menorrhagia in younger women but that 
amenorrhea of varying periods is the rule. In women near the menopause, menorrhagia is the 


rule. 





Unless fat stains and special studies are made of solid ovarian tumors, especially when 
associated with amenorrhea or menorrhagia, a number of theca cell tumors will continue to 


be erroneously diagnosed as fibromas. 


PNEUMONIA, Sulfapyridine in the Treatment of, Plummer, N., and Ensworth, H. K. 
J. A. M. A. 113: 1848, 1939. 


An analysis of 270 cases of pneumococcic pneumonia reveals that treatment with sulf: 
pyridine resulted in a shortened period of pyrexia, a sterilization of the blood stream, and 
a low mortality rate. 

Blood determinations for sulfapyridine show an irregular but prompt absorption an 
fail to show a correlation between the blood level and the clinical response. 

The incidence of serious toxic reactions is low. Nausea and vomiting are frequent. 

Whether serum should also be administered, particularly to seriously ill patients, is st 
under consideration. 

Examination and typing of any available bacteriologic specimens—sputum, blood, spi! 
or pleural fluid—should not be abandoned. It gives valuable information in diagnosis, i” ; 
prognosis, and in possible further specific therapy. 


